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The objective of this program was to develop a corrosion inhibiting primer suit- 
able for adhesive bonding which can also serve as corrosion protection for detail 
aluminum parts.   The developed primer must be adaptable to an automated application 
method.   The program utilized the electropriming application method and investigated 
the polyester, acrylic, and epoxy electropriming resins.   The anodic and the cathodic 
electropriming processes were evaluated.   The cathodic application was shown to be 
the preferred method when compared to the interfacial oxide effects produced by the 
anodic applications.   Results of these studies produced a cathodically applied modi- 
fied epoxy electroprimer, 0-5301.   Assessment tests of the C-5301 primer show 
acceptable corrosion protection capability and compatibility with current state-of- 
the art paint primers and topcoats. 

Adhesive bonding test results have shown the C-5301 primer superior in some 
applications and the control BR-127 primer superior in others.   The electrodeposited 
C-5301 primer was shown to be far superior in reproducibility and uniformity.   The 
developed C-5301 electroprimer is readily adaptable to automated processing methods 
and can provide uniform, reproducible films which are cost effective. 

ft 
CONCLUSIONS AND RECOMMENDATIONS 

The developed C-5301 contract primer performs satisfactorily for corrosion 
protection of aluminum substrates.   The adhesive bonding performance data for the 
C-5301 primer looks promising and indicates further development is required to 
provide a universal electroprimer superior in all respects to the state-of-the-art 
hand-sprayed primers. 
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SUMMARY 

For the past five years, Northrop, under independent research funds, has been 

actively investigating the electropriming of aluminum substrates.   An anodically applied 

polyester electroprimer was developed and approved by the Air Force for corrosion 

control of aluminum detail parts on the Northrop F-5 series aircraft.   A feasibility 

study to apply electrodeposited primers for adhesive bonding of aluminum alloy sub- 

strates was completed which confirmed compatibility of electroprimers with current 

state-of-the-art epoxy film adhesives.   The feasibility study also indicated wide varia- 

tions in stressed durability response by different electroprime formulations.   The 

development of a universal corrosion inhibiting electroprimer, i.e., serve as a prep- 

aration for adhesive bonding and as corrosion protection for aluminum alloy parts, then 

continued with Air Force Materials Laboratory sponsorship under Contract F33615-76- 

C-5301.   This contract was divided into five phases.   Results obtained on each phase 
are summarized below. 

PHASE I - PRIMER SYSTEM DEVELOPMENT 

An improved electroprimer was sought which was compatible with 250F and 350F 

curing adhesives and provided a more durable adhesive bond than the current state-of- 

the-art electroprimers.   The polyester, acrylic, and epoxy electropriming resin sys- 

tems were investigated.   The initial development effort was on the polyester system 

which Northrop had gained considerable experience with in precontract studies.   The 

initial attempts to promote acceptable durability response incorporated a strontium 

chromate inhibitor into the electroprime formulation.   No significant improvement was 

realized and the chromated polyester wedge test performance on FPL surface treated 

substrates was poor.   It was determined that the maximum usable strontium chromate 

concentration was 1.5%.   Higher concentrations presented stability problems.   Formu- 

lation modifications with the polyester resin crosslinker (catalyst) to promote maxi- 

mum crosslinking and ether linkages were not successful relative to wedge test per- 

formance.   The acrylic electropriming resin formulation was evaluated and screening 

tests showed an incompatibility with the 250F curing epoxy film adhesive,  FM-123. 

Screening tests of a 400 F curing modified epoxy electroprimer provided acceptable 

xu 
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wedge test results and showed compatibility with the current state-of-the-art 250F 

curing film adhesives.   Further formulation development showed improved performance 

utilizing a titanium dioxide pigmented formulation versus a nonpigmented formulation. 

Final formulation development efforts reduced the modified epoxy electroprimer cure 

schedule to 345F for 30 minutes. 

PHASE 11 - PROCESS OPTIMIZATION 

The objective of Phase n was to optimize the electropriming application process 

to promote maximum adhesive bond durability.   The study was initiated by an investi- 

gation of the anodic electropriming process.   Application potential and application time 

variables were studied.   Scanning electron microscopy (SEM) analyses showed that an 

FPL etch surface treatment oxide increases in thickness with an increase in applica- 

tion potential.   Wedge test evaluations showed the oxide thickness increase was detri- 

mental to wedge test performance.   It was determined that wedge test performance of 

anodically electroprimed substrates could be significantly improved by low voltage 

deposition from a high solids bath.   Wedge test performance equivalent to the BR-127 

control primer could not be achieved with the anodic deposition process. 

Investigation of the cathodic electrodeposition process clearly demonstrated 

superiority of cathodic electropriming over the anodic electrodeposition process rela- 

tive to wedge test performance and effects on the interfacial primer/substrate oxide. 

A process variable study provided application parameters for the C-5301 contract 

primer. 

PHASE III - PRIMER PERFORMANCE ASSESSMENTS 

An assessment was made of the C-5301 primer and cathodic application process 

developed in Phases I and II.   The developed contract primer was shown to be coir- 

patible with various paint primers and topcoats and provided acceptable corrosion pro- 

tection for aluminum substrates.   Adhesive bonding tests demonstrated the C-5301 

contract primer superior in performance in some of the required mechanical tests and 

the BR-127 control primer superior in others. 

PHASE IV - COST AND SCALE-UP ASSESSMENT 

An engineering assessment of the electroprime process accomplished by Northrop 

determined the feasibility and cost effectiveness of installing an automated electroprime 

line for corrosion protection of detail aluminum parts.   The engineering assessment 

xm 
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recommended the procurement and installation of an electropriming facility with a 

projected savings of 2 million dollars based on a seven-year amortization period 

with a 2.2-year payback. 

The comparative costs of hand spraying the BR-127 adhesive primer versus the 

automated electroprime application of the developed contract primer show a potential 

annual savings of $425. 000.   An investment of approximately $800, 000 would be re- 

quired to implement a completely automated C-5301 cathodic electropriming facility. 

PHASE V - UNIFORMITY AND REPRODUCIBILITY ASSESSMENT 

The comparative evaluation of the uniformity and reproducibility of the C-5301 

contract primer versus the hand-sprayed BR-127 adhesive primer show the C-5301 

electroprimer is far superior in these respects.   The study shows the C-5301 primer 

film to be reproducible, uniform, and independent of operator technique.   Electro- 

primer films applied 0.00018 inch in thickness were reproducible within 0.00001 inch 

and uniform to within +0.00003 inch. 

xiv 

' -•' "ITJä: i ■■■■■■■• ■ 



»ujll*i.Ml.t»l.-----.liw«MWJ>"A- zz^ümism^mm BREB!EatHaBBiBRlE9mMa ■■J|"|■•L,|   mm 

SECTION I 

INTRODUCTION 

The current state-of-the-art in preparing aluminum alloy substrates for 

adhesive bonding is to chemically produce a stable boehmite oxide on the aluminum 

surface, followed by oven drying and hand-spray application of an adhesive primer. 

The four limitations associated with the surface preparation method are well known 

and are identified as:   (1) the produced boehmite oxide is subieet to change during the 

time between oven drying and primer application, (2) the produced oxide is subject 

to contamination between oven drying and primer application, (3) the hand-sprayed 

application of the adhesive primers is limited in its ability to provide uniform re- 

producible films relative to film thickness and dispersion of corrosion inhibiting 

agents, and (4) the current state-of-the-art method is costly. 

The required solutions to the defined problem areas are the subject of this 

contract program.   This program developed a cathodically deposited modified 

epoxy electroprimer suitable for application by cost effective, automated methods. 

The electropriming process incorporates the application of the primer as part 

of the surface treatment and eliminates the intermediate oven drying and transport 

currently required.   Consequently, the boehmite oxide is not subject to change or 

contamination.   The intrinsic character of the electropriming process provides a 

uniform, reproducible film independent of operator technique or material stratifica- 

tion.   The electropriming process is cost effective, since it is readily adaptable to 

automated processing methods. 

The primary objectives of this contract effort were to: 

a. Develop a corrosion inhibiting primer for adhesive bonding aluminum 

alloys which is reproducible and cost effective to apply. 

b. Develop a primer which will be compatible with 250F curing structural 

adhesives and if possible with the 350F curing adhesives.   Further, the 

developed primers shall be compatible with aircraft paint primers and 

topcoats. 
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To meet these objectives,  the required contract effort was to: 

a. Develop an electroprimer which would be compatible with 250F curing 

adhesives. 

b. Optimize the electropriming application process for maximum bond 

durability. 

c     Comparatively evaluate the resultant electropriming system with the best 

state-of-the-art hand-sprayed adhesive primer, BR-127. 

d.     Evaluate the uniformity, reproducibility, and cost effectiveness of the 

developed system. 
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SECTION II 

TECHNICAL DISCUSSION 

PHASE I - PRIMER SYSTEM DEVELOPMENT 

Background 

Northrop has been actively engaged in the study of electrodeposited organic 

materials for the past five years.   Intrinsic to the electropriming process are 

certain aspects which make it uniquely attractive to the exploratory development of 

corrosion inhibiting primers.    These aspects are: 

1. Total coverage, including recesses and "blind" areas, 

2. Uniform film deposits independent of operator technique. 

3. Cost effective, since the process is readily automated. 

4. Ecologically effective by coating fi'om a water-base system. 

The electrodeposition of organic materials is basically accomplished by sol- 

ubilizing a resin system and electrically depositing the resin from a water solution 

onto a conductive substrate.    The cathodlc film deposition mechanism is illustrated in 

the Appendix A.   Since the organic resin is nonconductive, the deposition is forced on- 

to conductive areas of the "work-piece" until the entire surface has been insulated. 

The thickness of the deposited film is regulated by the applied potential with a maxi- 

mum thickness of approximately 1 mil.   The film deposition time is approximately 60 

seconds. 

Northrop selected the electrodeposition process to exploit the intrinsic 

advantages of the process in the development of a corrosion inhibiting primer.   Al- 

though it was not the intent of the program to develop a new surface treatment for bond- 

ing, considerable attention had to be given to the effects on the interfacial oxide pro- 

duced by electropriming on the preliminary surface treatment, i.e., FPL etch or 10 

volt phosphoric acid anodize.   Therefore, considerable effort was expended in the 

process optimization study. 

Northrop, under independent research funding, studied the electro-deposition 

of polyester resins systems to aluminum substrates for corrosion control.   Successful 

•--■<->.-; 

iür^...:^:^.^.. .y:,.:.;-..,^---.■,.■ .wi...:;.;..,.;.^,.;.;. ^.^■1..;.,v...... ".■;/ -.Wtl^,.-,:'. ■     .. 



■^^^^——I....   .. mnnw^^mmmmmm^^^^^^^^m^^^^^^m LI   iui\ti<^m^^mwmMmmmm 

completxon of this effort produced a corrosion inhibiting primer qualified to stringent 

company specifications and approved by the Air Force for application to the F-5 

aircraft.    (NAI 1330 ELECTRODEPOSITED CORROSION INHffimNG,   FLUID RESIS- 
TANT PRIMER.)   See Appendix B. 

Initial tests relative to bondability of the polyester electroprimed aluminum 

substrates produced equivalent or higher mechanical strengths when compared to 

conventional FPL etched specimens.   The results of these tests were particularly 

encouraging relative to failure modes of the test specimens in that all cohesive failures 

were realized.   These tests substantiated the compatibility of electrodeposited primers 

with a standard 250F curing modified epoxy adhesive and showed the adhesive to be 

the weakest link in the bonded joint.   However, a cursory study of the electroprimed 

and adhesive bonded aluminum tensile specimens, subjected to durability testing in a 

saltwater environment and loaded to 50 percent of the ultimate strength, demonstrated 

a wide variation in the performance of different electroprime formulations. 

It was believed that a durable polyester primer system for bonding could be 

developed through modification of the primer with a corrosion inhibiting agent and 

the durability of the system could be promoted by enhancing the resin/oxide "mix- 

ture" zone.    The "mixture" zone depth can be controlled by varying the electrical 

application parameters during anodic application of the resin.   Indeed, the initial 

pnmer modification incorporating chromates did enhance the durability of the system 

as assessed by the 3M durability (stress rupture, test.   The first attempt to incorporate 

a corroston inhibitor into the polyester resin system utilized lead chromate at a 15 

percent level (dry weight basis).   Based on work accomplished in earlier programs 

it was established that strontium chromate at a 2-5 percent level was suffLnt for 
corr ^ibitionj   The 2_5 percent strontium ^^^ ^^^^^ was ^^ 

for .he initial Investigations to develop a universal corrosion inhibiting primer  I e 

serve as a preparation for adhesive bonding and as a corrosion protection for cietail' ' 
aluminum alloy parts. 

TUe feasiblltty study to apply eleo.rodepo.Ued primers tor adhesive bonding 

ai„m,„um alioys was oompietod by Northrop under independent research and develop- 
men. h„ s.   ^ study 00„flrmed ^^^ ^ ^^^^ ^ ^^ ^P 

of-the art epoxy film adhesives, but also indieated wide variations in stress durability 

test response by different eieotroprime formutations.   Ue development of a universa 

corroston inhibiting prtaer then continued with Air Force Materials Laboratory spon- 
aorah.p under Contract F336l5-7e.c.5301 awarded „ Northrop on 1 ^ ^     ^ 
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program requirements were basically defined as follows: 

1. Phase I — Primer System Development 

Formulate an electrodepositing primer for aluminum alloy substrates with 

the objective of optimizing the durability aspects of a bonded system. 

2. Phase II — Process Optimization 

Determine the optimum process application parameters for applying the 

developed electroprimer. 

3. Phase III — Primer Perfornance Assessment 

Utilizing the developed primer and the process parameters evolved in 

Phases I and II, assess the overall performance of systems with various 

adhesives and paint topcoats. 

The work accomplished under the AFML Contract ia presented and discussed in 

the balance of this section. 

Development 

This contract development effort was accomplished with the Sherwin Williams 

Company as the resin formulator.   Eighteen individual formulations were developed 

and screened for film formulation properties and basic tank stability.    Northrop, as 

the Prime Contractor, evaluated the tinal formulations relative to bonding performance 

and evaluated the data to direct reformulation and modification efforts required by the 

resin formulator.   A definition of the candidate formulations is tabulated in Appendix 

C. 

Based on the enhancement of bonding properties noted by chromate additions in 

precontract   evaluations of the polyester electropriming resin system, the initial pur- 

suit in the resin development was to incorporate the strontium chromate inhibitor. 

The following strontium chromate formulations were prepared: 

FORMULATION SERIES FORMULATION ID PERCENT SrCr207 

A - Polyester SA 4185 0.5 

A - Polyester SA 4186 1.0 

A -  Polyester SA 4187 1.5 

The initial attempts to chromate the formulations at the higher strontium 

chromate concentrations were not possible due to settling (Instability) of the system 

at the higher concentrations.   Although the polyester resin system tolerated levels of 
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lead chromate up to 15 percent, It was determined that a maximum level for the 

strontium chromate was about 1. 5 percent.   This same low tolerance level for stron- 

tium chromate was also experienced with the subsequent modified epoxy electropriming 

resins systems.   With concentration levels of strontium chromate greater than 1. 5 per- 

cent, the resin system coagulates in the bath and precipitates out even under vigorous 

agitation.   The subsequent film deposits are "grainy" and irregular.   The lower 

(0. 5-1.5 percent) levels of SrCr^ permit a uniform application of the resin film. 

Since the electrical application parameters for each formulation varies, the 

first assessment for each formulation was the determination of the electrical para- 

meters to deposit a uniform film in the range of 0.1 - 0.3 mil in thickness.   To de- 

termine the electrical application requirements for the strontium chromated samples, 

specimens of 2024-T3 bare and 7075-T6 bare were prepared for electropriming by 

FPL etching and 10-volt phosphoric acid anodizing.   FPL etched panels were coated 

with SA 4187 by increasing the voltage to 35 volts in ten seconds and holding this 

potential for 30 seconds.   This produced an average cured film thickness of 0.6 mil. 

The 10 volt phosphoric acid anodized panels were also coated with SA 4187 by increas- 

ing the potential to 55 volts in ten seconds and holding this potential for 30 seconds. 

This produced an average cured film thickness of 0. 8 mil.   Since the thicknesses pro- 

duced were considered excessive relative to previous tests, lower voltages and times 

were employed to provide the thickness required.   The required coating voltage po- 

tentials and times for the SA 4185, SA 4186, and SA 4187 polyester trial formulations 

were determined by laboratory tests and were as follows: 

SURFACE TREATMENT 

FLP Etch 

10 Volt Phosphoric 

Acid Anodize 

APPLICATION 
POTENTIAL 

(volts) 

20 

50 

APPLICATION 
TIME 

(seconds) 

20 

10 

FILM 
THICKNESS 

(mil) 

0.2 

0.3 

■ 

The initial screening test series run on the strontium chromated polyester 

resin system utilized the wedge test.   This test used both the FPL etch and the 10 

volt phosphoric acid anodize surface preparation.   Specimens were bonded with the 

FM-123-2 adhesive.   The test specimen configuration is defined in Appendix D.   Re- 
sults of these tests are presented in Table 1. 
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TABLE 1.   WEDGE TEST RESULTS OF 
STRONTIUM CHROMATED POLYESTER ELECTROPRIMERS 

CURED AT 275F FOR 30 MINUTES 

FORMULA- 
TION,  ID. 

STRONTIUM 
CHROMATE 
CONTENT (%) 

WEDGE TEST CRACK EXTENSION (IN.) 
SURFACE PREPARATION 

10 VOLT ANODIZE FPL ETCH               ! 
1 HOUR 24 HOUR 1 HOUR 24 HOUR 

SA 4185 0.5 0.1 0.2 1.0 1.7 
SA 4186 1.0 0.1 0.1 1.4 1.8 
SA 4187 1.5 0.1 0.1 1.0 1.5 
SA 4191 0 0.1 0.2 1.1 1.8 
control 

Notes:     1. Reported values are averages of 5 determinations. 
2. Exposure conditions - 120F, 95% RH. 
3. Primer cured at 275F for 30 minutes. 
4. 0.125 inch thick 7075-T6 bare adherends. 

This wedge test series was run to define the necessity and level of strontium 

chromate when compared to the control SA 4191 primer without chromate.   No distinct 

enhancement in wedge test performance was discernible after testing.   The polyester 

electroprimer on the 10 volt phosphoric acid anodized surface treatment was equivalent 

to the BR-127 baseline data.   However, this same primer over the FPL surface treat- 

ment showed a gross difference in performance when compared to a BR-127 baseline. 

The reasons for the large differences in crack extension results were that the 

primer did not develop a full cure and the FPL etch surface treatment provided a more 

sensitive test.   The normal cure schedule for the polyester system when utilized for 

corrosion control alone is 275F for 30 minutes. 

The wedge tests were then rerun on primed substrates which had been cured at 

290F for 30 minutes.   Although a significant improvement on all three primers was 

noted, no differentiation between chromated versus non-chromated primers could be 

established.    The wedge test data is presented in Table 2. 

Analysis of the wedge test data led to the conclusion that the polyester primer 

was sensitive to water (hydrolytic reversion).    This required that further polymer 

development be undertaken.   From the known fact that polyether linkages are less sus- 

ceptable to hydrolytic reversion compared to polyesters,  an attempt was made to mod- 

ify the formulation to promote ether linkages.   Formulations SA 4188 and SA  4190 

produced.    Formulation SA 4188 contained an increased concentration of crosslink- 

ing* (catalyst) agent and SA 4190 utilized an experimental crosslinking agent. 

*See Appendix E for definition of terms. 
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Wedge tests were conducted on thctc two formulations with primer cure tempera- 

tures of 275F and 290F.    Results of these wedge tests are presented in Table 3. 

TABLE 2.   WEDGE TEST RESULTS OF 
STRONTIUM CHROMATED POLYESTER ELECTR OP RIMERS 

CURED AT 290F FOR 30 MINUTES 

FORMULA- 
TION, ID. 

STRONTIUM 
CHROMATE 
CONTENT d) 

WEDGE TEST CRACK EXTENSION (IN.) 
SURFACE PREPARATION 

10-VÜLT ANODIZE FPL ETCH 
1 HOUR 24 HOUR 1 HOUR 24 Höim 

SA4185 0.5 0.1 0.2 0.7 1.2 
SA 4186 1.0 0.1 0.1 0.7 1.1 
SA 4187 1.5 0.1 0.3 0.4 1.0 
SA 4191 0 0.1 0.1 0.8 1.1 
control 

Notes:       1. Reported values are averages of 5 determinations. 
2. Exposure conditions - 120F, d50/( RH. 
3. Primer cured at 290F for 30 minutes. 
4. 0. 125 inch thick 7075-T6 bare adherends. 

TABLE 3.   WEDGE TEST RESULTS OF 
INITIAL POLYESTER MODIFICATIONS 

FORMULA- 
TION,  ID MODIFICATION 

CURE 
TEMP. 

F. 

WEDGE TEST CRACK EXTENSION (IN.) 
SURFACE PREPARATION 

10-VOLT ANODIZE FPL ETCH 
24 HOUR GROWTH 24 HOUR GROWTH 

SA 4188 

SA 4190 

SA 4191 

l 

Increased concen- 
tration of cross- 
linker 

Experimental 
crosslinker 

Control (Standard 
Polyester 
formulation) 

275 
290 

275 
290 

275 
290 

0.2 
0.2 

0.2 
0.1 

0.2 
0.1 

1.6 
1.2 

2.7 
1.6 

1.8 
1.1 

Notes;     1.    Reported values are averages of 5 determinations. 
2. Exposure conditions - 120F, 95% RH. 
3. 0.125-inch thick 7075-T6 bare adherends. 

Test results showed that at both primer cure temperatures the primer with the 

standard crosslinker was more durable.    An infrared analysis (IR) was performed on 

the two crosslinker variation formulations and compared with the control formulation. 

A less durable bond in the wedge test was realized even though the IR analysis indi- 

cated a reduction in hydroxyl content. 
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To comparatively evaluate the five polyester primer modifications, a series of 

stress rupture tensile specimens were prepared utilizing the configuration shown in 

Appendix D.    The FPL etch and 10 volt phosphoric acid anodize were used prior to 

electropriming.   These specimens, bonded with FM-123-2 adhesive, were loaded to 

50% of their room temperature ultimate strength and exposed to condensing humidity 

at 140F.   The test results did not differentiate any differences in the primer formula- 

tions.   It was believed that the test conditions were too severe.   The test results were 

coordinated with the AFML program monitor and the test parameters were changed as 

follows:   (1) the exposure temperature was lowered to 120F and (2) the center hole, as 

defined by the "Raab" configuration, was omitted.   A second series of stress ruptiire 

specimens were prepared using the FPL etch and the 10 volt phosphoric acid anodize 

and bonded with the FM-123-2 adhesive.   A set of BR-127 primed panels served as 

controls.   Results of this test series are presented in Table 4.   Here again, we note a 

gross difference in the stress rupture test results between the 10 volt phosphoric acid 

anodize pretreatrnent and the FPL pretreatment.   The difference factor is approxi- 

mately 10:1 and is comparable with the wedge test results of the primers applied over 
the two surface treatments. 

TABLE 4.   STRESS RUPTURE TEST RESULTS OF 
POLYESTER ELECTROPRIMERS 

FORMULATION 
ID(1) 

(POLYESTER) 

SA 4185 
SA 4186 
SA 4187 
SA 4188 
SA 4190 
SA 4191 I 
Control I 

BR-127 
Control 

STRESS RUPTURE TEST (2) (3) (4) 
SURFACE PREPARATION 

10-VOLT ANODIZE 
(HOURS TO FAILURE) 

Notes: 1. 
2. 
3. 

4. 

365 
221 
254 
202 
214 
324 

472 

FPL ETCH 
(HOURS TO FAILURE) 

44 
40 
23 
38 
34 
36 

412 

Reference Appendix C table for formulation and definition. 
Standard 3M stress durability test apparatus. 
Average of 3 determinations - 120F, condensing humiditv. 
40% RT ultimate load. 
0.063-inch thick 7075-T6 bare adherends 
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In conjunction with results concurrently emanating out of the Phase II develop- 

ment effort, it became apparent that a cathodically applied material should be investi- 

gated.   Therefore, a modified epoxy formulation (SA 4521) which the Sherwin-Williams 

Company had formulated for other commercial applications was made available for 

initial screening purposns. 

The initial tests on the new cathodic system determined the electrical applica- 

tion parameters to deposit a 0.1 - 0.3 mil uniform film.   An application potential 

range of 25 to 90 volts and application times from 1 to 30 seconds were studied.   Results 

of this study indicated that the optimum deposition parameters were 50 volts for five 

seconds.   The initial wedge test panels utilized the FPL etch preparation, since this 

surface treatment indicated a more sensitive response in previous tests.   The elec- 

troprimed substrates were cured at 400F for 30 minutes to develop full cure of the 

primer and bonded with the FM-123-2 adhesive.   The wedge test results are presented 

in Table 5. 

TABLE 5.   WEDGE TEST RESULTS OF 
CATHODIC EPOXY ELECTROPRIMER SA-4521 

WEDGE TEST (4) 
FORMULATION 

ID 
CRACK EXTENSION (IN.) 

1 HOUR 24 HOUR 

SA 4521-1 0.06 0.15 
SA 4521-2 0.03 0.11 
SA 4521-3 0.04 0.11 
SA 4521-4 0.05 0.11 
SA 4521-5 0 0.05 

Notes:    1. Exposure conditions - 120F, 95% RH. 
2. Primer cured at 400F for 30 min. 
3. 0.125-inch thick 7075-T6 bare adherends. 
4. FPL etch surface treatment 

These test results were encouraging, confirming the direction taken relative to 

cathodic application.   A second formulation for test of the same basic resin systems 

modified with a different crosslinker (catalyst) was screened.   This formulation 

(SA 4522) was developed to lower the cure temperature requirement of the primer 

system.   Upon "let-down" (adding the required amount of water to electropriming 

consistency), the resin system coagulated and could not be utilized for test. 

To determine the time and temperature required to fully cure the SA4521 pri- 

mer, seven 7075-T6 bare panels were FPL etched, electroprimed, and cured between 
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200F and 400F and checked for cure sufficiency with an MEK rub test.   Results indi- 

cated that a cure temperature of 350F would be required.   Therefore, wedge test and 

tensile shear test panels of 7075-T6 bare with the electroprimer cured at 350F, 375F, 

and 400F were prepared with FM-123-2 adhesive and tested.   Test results are pre- 

sented in Table 6. 

TABLE 6.    TENSILE SHEAR AND WEDGE TEST RESULTS 
OF SA 4521 ELECTROPRIMER 

ELECTROPRIMER 
CURE CYCLE 

WEDGE TEST (5) 
CRACK EXTENSION (IN.) 

TENSILE SHEAR TEST 
ULTIMATE PSI  (4)(5) 

(24-HOUR GROWTH) UT 18ÖF 

30 minutes at 350F 
30 minutes at 375F 
30 minutes at 400F 

1.3 
0.3 
0.2 

4410 
4210 
4220 

2960 
2890 
2920 

Notes:     1, Test results are averages of 4 specimens. 
2. Wedge test exposure - 120F, 95(/( RH. 
3. 0.125-inch thick 7075-T6 bare adherends. 
4. All failures were cohesive. 
5. FPL etch surface preparation. 

Although the failure modes of the tensile shear test specimens were all 100% 

cohesive, the wedge test results indicated that a cure temperature of 400F is required 

for fully curing this primer formulation. 

Since the 400F cure temperature is considered excessive, the Sherwin-Williams 

Company cathodically applied acrylic electropriming resin system, with a 325F cure, 

was selected for screening as a candidate primer.   Two cathodic acrylic electroprime 

formulations were supplied for evaluation.   The SA 4708 is a non-chromated formula- 

tion and the SA 4753 contains 3^ strontium chromate on a dry weight basis.   The 

screening test results are presented in Table 7. 

The failure modes on the tensile shear soecimens indicated an incompatibility of 

the acrylic electroprimer with the FM-123-2 adhesive system in that 20% to 80% ad- 

hesive failures were realized.   At the 180F tensile test temperature, the results were 

scattered.   Based on these test results when compared to the results of the modified 

epoxy primer, a decision was made to work exclusively with the cathodically applied 

epoxy electroprimer. 

The Sherwin-Williams Company, through crosslinker development, formulated a 

lower cure temperature (375F cure) modified epoxy electroprimer. This formulation, 

SA 4777, was identical in all respects to the basic SA 4521 modified epoxy 
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TABLE 7.   WEDGE AND TENSILE SHEAR TEST RESULTS 
OF CATHODIC ACRYLIC ELECTROPRIMERS 

Formulation 
ID 

Wedge Test Crack Extension (Li.) Tensile Shear ( 3)     iJ 
Surface Preparation Ultimate Strength (PSIp 

10-Volt Anodize FPL ETCH 
Surface Preparation 

10-V Anodize FPL ETCH 1 
24-Hour Growth 24-Hour Growth RT 180F RT 180F 

SA 4708 Non- 
Chromated Catho- 
dic Acrylic Elec- 
troprimer 

SA 4753 Chromated 
Cathodic Acrylic 
Electroprimer 

0.25 

0.35 

1.62 

1.36 

4470 

3870 

1740 

2000 

4420 

4430 

2480 

2390 

Notes: 1. 
2. 
3. 
4. 
5. 
6. 

Reported values are averages of 5 determinations. 
Exposure conditions - 120F, 95% RH. 
Notched shear configuration.   (See Appendix D.) 
Primer cured at 325F for 30 minutes. 
0.125-inch thick 7075-T6 bare adherends. 
Combination adhesive/cohesive failures. 

electroprimer with the exception of the crosslinker.   A series of wedge tests on 

7075-T6 bare confirmed the cure temperature of 375F for 30 minutes. 

A primer formulation perfofsiance review was then held with the Sherwin- 

Williams Company to provide specific direction for the final formulation effort.   Since 

some benefit from chromating the electrodepositing resin system had been realized 

and pigmenting could be detrimentally affecting the primer system, i.e., providing a 

moisture propagation path, the following plan for the final formulation effort by 

Sherwin-Williams Company was implemented: 

1. Provide pigmented and unpigmented resin formulations. 

2. Provide chromated and nonchromated resin formulations. 

3. Provide an alternate inhibitor. 

Following these guidelines, formulations were prepared and are defined in the 

Appendix C.   Basically, they were as follows: 

SA 4824 - The SA 4777 modified epoxy containing 1. 5% strontium chromate. 

SA 4825 - The SA 4777 modified epoxy containing 1. 5% strontium chromate but 

without TiO   pigment. 
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SA 4826 - The SA 4777 modified epoxy containing 1.5% NALZIN SC-1* inhibitor. 

SA 4827 - The SA 4777 modified epoxy containing 1.5% NALZIN SC-1 inhibitor 

but without Ti02 pigment. 

The latest generation of modified epoxy primers were formulated to evaluate 

chromated versus nonchromated electroprimers and also pigmented versus nonpigmen- 

ted electroprimers.   The series also contained a catalyst which should have provided 

a full resin cure at 325F.   It was later determined that the 325F for 30 minutes cure 

schedule was not sufficient to completely cure the electroprimer resin system.   The 

comparative wedge test results did, however, make the necessary definitions in per- 

formance of pigmented versus nonpigmented electroprimers and also chromated versus 

Nalzln inhibitors.   The first test series compared the TiOa pigmented versus the non- 

pigmented versions of the modified epoxy primer.   Wedge test specimens of 7075-T6 

bare were prepared and tested.   These tests results are reported in Table 8.   The 

wedge test data show the pigmented version of the modified epoxy electroprimer was 

superior to the nonpigmented version.   Apparently the titanium dioxide pigment func- 

tions as a binder and promotes better adhesion of the primer to the substrate. 

, I 

TABLE 8. WEDGE TEST RESULTS OF 
PIGMENTED VERSUS NONPIGMENTED 
CATHODIC EPOXY ELECTROPRIMERS 

FORMULATION 
IDENTIFICATION 

SA 4826 Pigmented 
Epoxy Primer 

SA 4827 Non- 
Pigmented Epoxy 
Primer 

lo-VoLT ANoDIZE 

WEDGE TEST RESULTS 
SUKFACE PREPARATION" 

CRACK EXTENSION (IN.) 
1-HR GROWTH 24-HR GROWTH 

0.1 
Cohesive 
Failure 

'    0.1 
Cohesive 
Failure 

0.1 
Cohesive 
Failure 

0.1 
Cohesive 
Failure 

FPL ETCH 
CRACK EXTENSION (IN.) 

1-HR GROWTH 24-HR GROWTH 

0.6 
Adhesive 
Failure 

1.3 
Adhesive 
Failure 

Notes: 1. 
2. 
3. 
4. 

Reported values are averages of 5 specimens. 
Exposure conditions - 120F, 95% RH. 
All specimens bonded with FM-123 adhesive. 
Primer cured at 325F for 30 minutes. 
0.125-inch thick 7075-T6 bare adherends. 

1.1 
Adhesive 
Failure 

2.0 
Adhesive 
Failure 

11 I 

*NALZIN SC-1 is a zinc phospho oxide complex, product of National Lead Corporation. 
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The Nalzin inhibitor was incorporated on an experimental basis.   No data rela- 

tive to its performance on nonferrous alloy substrates is available.   The Nalzin inhib- 

itor was recommended by the Sherwin-Williams Company based on their experience 

with electroprimers on ferrous substrates. 

A retest of the SA 4826 wedge test was performed at a primer cure temperature 

of 400F.   Results of these tests are pi-esented in Table 9. 

TABLE 9.   WEDGE TEST RESULTS OF 
CATHODIC EPOXY ELECTROPRIMERS 

WEDGE TEST RESULTS 
FORMULATION 

ID SPECIMEN 
CRACK GROWTH (IN.)(5) 
1 HOUR 24 HOUR 

SA 4826 - 1 0.07 0.12 
Pigmented 2 0.05 0.17 
Epoxy Primer 3 0.12 0.34 

4 0.07 0.34 
5 0.11 0.31 

Notes:    1. Exposure conditions - 120F, 95% RH. 
2. All specimens bonded with FM-123 adhesive. 
3. Primer cured at 400F for 30 minutes. 
4. 0.125-inch thick 7075-T6 bare adherends. 
5. FPL etch surface preparation. 

This test data confirms the test primer, SA 4826, does provide acceptable wedge 

test response, but the primer must be cured above 325F for 30 minutes. 

The test formulation series SA 4825 and SA 4826, which contained 1. 5% stron- 

tium chromate, required additional effort to balance the film coalescing solvent level. 

After various voltage, time, and current application variable techniques were tried, it 

was determined that adequate film coalescence could not be achieved.   Therefore, no 

further attempts were made to chromate the modified epoxy electroprimers. 

It was established that the cathodically applied modified epoxy electroprimer was 

compatible with a standard epoxy film adhesive, i.e., FM-123-2, and wedge test 

performance comparable to the BR-127 baseline primer could be achieved.   Therefore, 

the selection for the overall assessment of Phase III of this program was made. 

The modified epoxy electroprimer would be pigmented with titanium dioxide and 

incorporate the Nalzin SC-1 inhibitor.   An exact cure schedule would have to be devel- 

oped to ascertain the minimum time and temperature required for the selected primer 

to be comparable to the BR-127 adhesive primer.   The contract primer, designated 

14 

.■"•.««■-»':- 

4*8 

»■ - --^ ^-■-^-^ . ^—.. — „n,,,  .■..■.-^^-..—......~r: *'' .t...i»-to.: ■!■ m.. 



"  i '"■'   • 'i ■ ■ i   i    "i   i   • iwmmv*w*mmmm!*mm mnmmm^imimmMmmm mmmmmnmimm^iimmmm i ■■   I   m.m^mmm^m 

C-5301, was compounded and wedge test specimens of 7075-T6 bare with an FPL sur- 

face treatment were prepared.   This primer was cured over a temperature range of 

325F to 400F in 20F increments.   Test results are presented in Table 10. 

TABLE 10.   WEDGE TEST RESULTS OF 
C-5301 PRIMER AT VARIOUS CURE TEMPERATURES 

PRIMER 
ID 

BR-127 (Control) 

Modified Epoxy Electro- 
Primer, Contract Primer 
(C-5301) 

C-5301 
C-5301 
C-5301 
C-5301 

PRIMER CURE 
TEMPERATURE^) 

(0F) 

250 

325 

345 
365 
385 
400 

WEDGE TEST 
CRACK EXTENSION (IN. )(2^5) 

1 HOUR 

0.07 

0.83 

0.09 
0.08 
0.07 
0.05 

24 HOUR 

0.25 

0.19 

0.19 
0.19 
0.21 
0.19 

Notes: 1. 
2. 
3. 
4. 
5. 

Repoi-ted values are averages of 5 test specimens. 
Standard 120F, 951 relative humidity exposure. 
Contract primer cured 30 minutes at indicated temperature. 
0.125-inch thick 7075-T6 bare adherends. 
FPL etch surface preparation. 

At all primer cure temperatures above 325F for 30 minutes, the contract primer 

pei-formed equivalent to the BR-127 control.   After 24 hours the C-5301 primer crack 

extension values shown in Table 10 are superior to the BR-127 control.   This test 

lacks definition at these lower crack extension growth values, and the comparative 

performances must be assessed by the stress rupture test.   The stress durability 

assessment was accomplished in Phase HI of the program utilizing both the 10 volt 

phosphoric acid anodize surface treatment and the FPL etch surface treatments. 

A second study made relative to the C-5301 primer cure schedule was to extend 

the cure time at the lower cure temperatures.   The cure temperatures of 325F and 

345F were examined and the cure time extended from 30 minutes to 60 minutes. 

Results of this study are presented in Table 11 and show the C-5301 primer provides 

acceptable wedge test results when cured for 60 minutes at 325F. 

In summary, the Phase I development effort screened three candidate resin 

types; the anodically applied polyester, the cathodically applied acrylic, and the cath- 

odically applied modified epoxy resin systems. 

15 

' ■■•-.*«-•,*»■.-v*. .^   ■ -rr . ,-_— 

- ■-'--""■■■-' ---...^..— '^ - ■ - 
■.^..■~.--... -i^'  -^-^-^..^..^—- -.-...—a 



atiyjaU'jjB^i^B^jji w,..,..,,,.,, , . gwitui'liWüll ^wste* 

TABLE 11.   WEDGE TEST RESULTS OF 
C-5301 ELECTROPRIMER AT VARICXJS CURE TIMES 

PRIMER 
ID 

PRIMER CURE 
TEMPERATURE 

(Op) 
PRIMER CURE TIME 

(MINUTES) 

CRACK EXTENSION 
(IN.) 

1 HOUR 24 HOUR 

C-5301 

325 
325 

345 
345 
345 

30 
60 

30 
45 
60 

0.83 
0.06 

0.09 
0.09 
0.06 

1.19 
0.19 

0.19 
0.24 
0.15 

Notes:     1. Reported values are averages of 5 test specimens. 
2. Exposure conditions - 120F, 95% RH 
3. All specimens FPL etched and bonded with FM-123 adhesive. 
4. 0.125-inch thick 7075-T6 bare adherends. 

The cathodically applied modified epoxy was selected to be utilized for the over- 

all assessment tests in Phase III of the development program.   This formulation, de- 

signated C-5301 electroprimer, is defined as follows: 

Base Resin 

Crosslinker (catalyst)* 

Coalescing Solvent* 

Pigment * 

Corrosion Inhibitor* 

Dye* 

Cure Requirements 

Application 

Modified Epoxy 

Sherwin-Williams Company Proprietary 

Sherwin-Williams Proprietary 

Titanium Dioxide 

NalzlnSC-1,1.5% 

Iron Yellow 

345F for 30 Minutes 

30 Volts - 15 Seconds 

(Cathodic) 

♦See Appendix E for definition of terms 

PHASE II - PROCESS OPTIMIZATION 

Northrop, during investigations to apply a polyester electroprimer anodically 

for corrosion control ,  determined that the interfacial oxide produced by the electro- 

prime process was the boehmite oxide.   This is the desirable aluminum oxide form for 

bonding and is the specific oxide form produced by the standard FPL etch and 10 volt 

phosphoric acid anodize surface preparations on aluminum for adhesive bonding. 

Further instrumental analysis, i.e., Auger, determined that the electroprime process 
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did indeed codeposit a mixture zone of boehmite oxide and resin represented p 

torially in Figure I. 
ic- 

STEP   I 

PROCESS   INITIALLY  DEPOSITS  A LAYER OF  BOEHMITE 

nnonononnon- 
CIZZIT 

ALUMINUM OXIDE-BOEHMITE 

ALUMINUM SUBSTRATE 

STEP II 

BUILD-UP OF BOEHMITE CONTINUES WITH 
CO-DEPOSITION OF RESIN PRIMER PROMOTING 
ADHESION 

>—BOEHMITE/RES IN INTERFACIAL AREA 

ALUMINUM OXIDE-BOEHMITE 

ALUMINUM SUBSTRATE 

STEP III 
THE FINAL DEPOSITION OF RESIN PRIMER SEALS 
THE OXIDE - OXIDE/PRIMER LAYERS TO PROMOTE 
DURABILITY 

RESIN PRIMER 

BOEHMITE/RESIN INTERFACIAL AREA 

ALUMINUM OXIDE-BOEHMITE 

ALUMINUM SUBSTRATE 

FIGURE 1.   ANODIC ELECTROPRIMING MECHANISM 

With the anodic electropriming process as the program starting point, it was 

believed that maximum durability of a bonded joint could be achieved by optimizing this 

interfacial area.   To accomplish this goal, a stable boehmite oxide should be deposited 

on the surface of the aluminum substrate, maximizing the penetration depth of the 
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"inter-mixture" zone of boehmite and organic resin, followed by complete envelopment 

of the substrate with the electrodeposited primer. 

A study on the effects of anodic application potential was undertaken.   Panels of 

7075-T6 bare were surface treated with the standard FPL etch surface treatment and 

electroprimed from 20 to 60 volts at a constant application time of 20 seconds. 

Scanning electron microscope (SEM) photographs were taken and are shown in Figures 

2 through 5.   These photographs indicate a heavier deposit of oxide as the application 

voltage increases.    This increase is also noted in thickness measurements taken from 

the SEM photomicrographs.   Wedge test panels were then prepared at incremental 

potential application steps.    The primer was cured at 275F for 30 minutes and bonded 

with FM-123-2.   A summary of the test results of the initial voltage application 

study for the anodic polyester is presented in Table 12. 

TABLE 12.    EFFECTS OF APPLICATION POTENTIALS ON 
ANODIC POLYESTER PRIMER (SA4191) 

APPLICATION 
POTENTIAL 

(VOLTS) 

ELECTROPRIMER 
FILM THICKNESS 

(MIL) 

AVERAGE 
OXIDE     ,7v 

THICKNESS^ ' 
(ANGSTROMS) 

WEDGE TEST(^ 
CRACK EXTENSION (IN) 

24 HOUR GROWTH 

20 

30 

45 

60 

0.05 

0.10 

0.40 

0.45 

825 

925 

1100 

1325 

0.7 

1.2 

1.6 

1.8 

NOTES:    1. Reported values are averages of 5 determinations. 
2. Exposure conditions - 120oF, 95% RH. 
3. Primer cured at 2750F for 30 minutes. 
4. 0.125 inch thick 7075-T6 bare adherends. 
5. Primer application time was 20 seconds. 
6. Specimens bonded with FM-123-2, 0. 085psf film adhesive. 
7. FPL etch surface preparation. 

The data in Table 12 shows an increase in primer film thickness with increasing 

application potential and an increase in oxide thickness which was the desired result. 

However, wedge test performance diminished almost linearly with the Increase In 

application voltage which is directly opposite the predicted result. 
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To determine the effects of application time on the polyester primer system, a 

series of 7075-TG bare panels were primed at various times from 15 to 60 seconds. 

The panels were all primed at a constant potential of 30 volts over an FPL etch surface 

treatment.   SEM analyses, wedge tests and thickness determinations were conducted. 

Although resolution in the SEM analysis did not permit thickness readings to be taken, 

there was no apparent increase in the oxide thickness with increasing application times 

as was noted with increasing voltage application.   Further, the film thickness and 

wedge test crack extension did not change drastically as was evidenced in the previous 

test.   After discussion with the resin formulator it was concluded that two series of 

tests should be conducted.   First, the primer should be applied at a maximum voltage 

in minimum time, and secondly minimum application voltages should be tried.   It was 

then determined that a 70 volt, 3 second application was the maximum level which 

still produced a uniform film.   Higher voltages produced "globular" irregular deposits 

with pin-holes caused by "gassing."  Again wedge test panels of 7075-T6 bare were 

primed over an FPL surface treatment and bonded with FM-123-2 adhesive.   A series 

of panels were electroprimed at 30 volts and the reference primer BR-127 served as 

a control.   The test results are tabulated in Table 13, and the SEM photomicrographs 

are f.hown in Figures 6 and 7.   These tests confirmed that the increase in anodic 

application potential deleteriously affected the bonding character of the electroprimer 

system.   A study of lower application voltages was then undertaken.   A 29 percent 

solids bath was prepared to increase the bath conductivity to permit application at 

minimum potentials.   Normal bath solids content is 10 to 12 percent. 

A series of 7075-T6 bare coupons were prepared to determine the minimum applica- 

tion potential possible to provide a continuous coating.   AH coupons were FPL etched 

and electroprimed at a constant time of 30 seconds. 

Application potentials of 15,  12 and 8 volts were then selected to run a series of 

wedge tests.   Results of these tests are presented in Table 14 and Figures 8 through 
10. 

This test data indeed confirmed that the lower priming potentials were desirable 

relative to wedge test response.   Based on the test results on the anodic polyester 

application it appeared that the anodic application was discrepant in the process 

scheme where, heretofore, the polyester resin itself was suspect due to the potential 

hydrolytic reversion of the resin.    A verification test was devised to clarify this anom- 

aly.    This test consisted of electropriming wedge test panels of 7075-T6 bare over 
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TABLE 13.   EFFECTS OF MAXIMUM APPLICATION POTENTIALS ON 
ANODIC POLYESTER PRIMER (SA4191) 

APPLICATION 
POTENTIAL 

(VOLTS) 

ELECTROPRIMER 
FILM THICKNESS 

(MIL) 

AVERAGE 
OXIDE 

THICKNESS^ 
(ANGSTROMS) 

WEDGE TEST(7) 

CRACK EXTENSION (IN) 
24 HOUR EXPOSURE 

70 

30 

BR-127 
Control 

0.23 

0.10 

0.21 

3000 

1200 

Not Determined 

1.9 (4) 

0.9 

0.1 

NOTES:      1. Reported values on the average of 5 determinations. 
2. Exposure conditions - 120^,  95% RH. 
3. Primer cured at 2750F for 30 minutes, 
4. One hour reading - discontinued test. 
5. 7075-T6 bare aluminum. 
6. Specimens bonded with FM-123-2,  0. 085psf film adhesive. 
7. FPL etch surface preparation. 

TABLE 14.   EFFECTS OF MINIMUM APPLICATION POTENTIAL FOR THE 
ANODIC POLYESTER PRIMER (SA4191) 

APPLICATION 
POTENTIAL 

(VOLTS) 

AVERAGE 
ELECTROPRIMER 
FILM THICKNESS 

(MIL) 

AVERAGE 
OXIDE 

THICKNESS^' 
(ANGSTROMS) 

WEDGE TEST(6) 
CRACK EXTENSION (IN) 

24 HOUR GROWTH 

15 

12 

8 

0.19 

0.15 

0.12 

1200 

1000 

975 

1.5 

1.3 

0.5 

NOTES:     1. Reported values are averages of 5 determinations. 
2. Exposure conditions - 120oF, 95% RH 
3. Primer cured at 2750F for 30 minutes. 
4. 0. 125 inch thick 7075-T6 bare adherends. 
5. Specimens bonded with FM-123-2,  0. 085psf film adhesive. 
6. FPL etch surface preparation. 

! 
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TABLE 15.   STUDY OF ANODIC ELECTRO PRIMER SUBSEQUENTLY 
REMOVED AND PRIMED WITH B^-127 ADHESIVE PRIMER 

SPECIMEN 
IDENTIFICATION 

WEDGE TEST 
CRACK EXTENSION (IN.) 
ONE-HOUR EXPOSURE 

70 Volt, 3 second control ^ 1.4 

70 Volt, 3 second + BR-127(2) 1.3 

50 Volt,  15 second control^1* 1.3 

50 Volt,  15 second (- BR-127^ 1.3 

30 Volt, 30 second control^1* 0.6 

30 Volt, 30 second i BR-127(2) 0.8 

NOTES: 1. 
2. 

3. 
4. 
5. 
(i. 

Anodic electroprimcr not removed. 
Anodic elcetroprimer removed, dried and then primed with BR-127 
and cured at 250oF for GO minutes. 
Reported values are averages of 5 determinations. 
Exposure conditions 120oF, 95r

(' RH. 
0. 125 inch thick 7075-TC bare adherends 
Specimens bonded with FM-123-2, 0.085psf film adhesive 

Based on these preliminary findings and excellent wedge test results,  reference 

Table 5, comparative SEM analyses were run on the anodic versus cathodic deposition 

materials over a voltage range of 10 to 70 volts on the FPL surface treatment.   These 

analyses showed thicker, bulkier oxide deposits by the anodic application process. 

The comparative photomicrographs of this study are shown in Figures 11 through 20. 

Two time and two voltage application extremes were selected for analyses of oxide 

thickness change relative to the cathodic application process.   SEM examinations were 

performed on standard "hair-pin" specimens of 7075-T6 bare treated with FPL etch 

and then cathodically electrodeposited at different voltages under constant time and 

different times under constant voltage.    The SEM analyses show that oxide thickness 

increases as a function of time.   This is shown in Figures 21 and 22.   The oxide thick- 

ness increased from approximately lOOOA to approximately 4000A when increasing 

the application time from 10 to 100 seconds while maintaining the application potential 

constant at 40 volts. 
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Similarly, specimens coated at different voltages were prepared and examined. 

Electrodepositiop time was held constant at 20 seconds.   Figures 23 and 24 show the 

10 volt and 100 volt photomicrographs.   The oxide thickness increased as voltage 

increased from approximately 1500Ä to (JOOO/f in thickness.   The oxide is behaving as 

a porous oxide, in that time and voltage both affect the oxide thickness. 

An electron diffraction analyses was undertaken to determine if any change in 

oxide character could be established between a standard FPL etch surface treated 

substrate as opposed to one that had been FPL etched and subsequently cathodically 

electroprimed.   Specimens of 7075-T6 bare were prepared which provided the proper 

oxide thickness of 100Ä to 400A.    Electron diffraction analyses showed the oxide to be 

primarily ß-boehmite in both specimens.   A few weak diffraction spots were un- 

accounted for during analyses.   These appear to match the a-corrundum structure. 

Specimens prepared with FPL and also FPL plus cathodic electrodeposition showed 

the same crystalline compounds present on the surface.   The existence of the additional 

diffraction spots had not been noted in previous work.   In summary, oxide differences 

attributable to cathodic electropriming over the FPL treated surfaces are not dis- 

cernible by electron diffraction analyses. 

The anodic deposition predictably will increase the oxide thickness as a conse- 

quence of electrochemical oxidation of the aluminum substrate.   This occurs at the 

initial application of the anodic potential prior to reaching the Zener potential of the 

electrophoretic resin, i. e., that potential required to migrate the negatively charged 

particle towards the anode.   However, this oxidation is not anticipated for the cathodic 

application.   Indeed, one should predict a slight dissolution of the oxide under the initial 

cathodic potential.   It was noted that higher application potentials were required to form 

the proper thickness resin film with the modified epoxy resin system which did not in- 

corporate a corrosion inhibitor.   The primer development effort of Phase 1 showed dif- 

ficulty in utilizing strontium chromate as an inhibitor.   Subsequent development formu- 

lations incorporating the Nalzin SC-1 inhibitor proved to be stable at higher,  i.e., 

5%, concentrations and was thus incorporated.   Apparently there exists a leveling in 

electrical stability of the primer system with the zinc phospho oxide complex which 

permits application at lower potentials.   After final selection of the contract primer 

formulation which utilized a new crosslinker (catalyst) and the Nalzin SC-1 inhibitor, 

a series of application parameter studies utilizing the SEM were undertaken to verify 

the acceptability of the cathodic application process.   Standard "hair-pin" specimens 
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of 7075-T6 bare pretreated with the FPL etch and also the 10 volt phosphoric acid 

anodize surface treatment were utilized to study the effects of application voltage, ap- 

plication time and application rate.   Unprimed specimens of the FPL etch and 10 volt 

phosphoric acid anodize surface treatments served as controls.   Table 16 lists the 

oxide thickness measurements of the test series and clearly indicates that no change 

in either of the two surface treatment oxides is occurring under the test conditions. 

Figures 25 to 42 are photomicrographs of the specimens assessing the cathodic process 

application variables. 

TABLE 16.   EFFECTS OF CATHODIC ELECTRODEPOSITION 
ON FPL ETCH AND 10 VOLT PHOSPHORIC ACID ANODIZE 

NOTES:     1. 15 second application time. 
2. 30 volt application voltage. 
3. Time to reach application potential of 30 volts linearly. 
4. 0.063 inch thick 7075-T6 bare aluminum alloy 

■ OXIDE THICKNESS (ANGSTROMS) 
SURFACE TREATMENT 

CATHODIC APPLICATION 
VARIABLE 10 VOLT ANODIZE FPL ETCH 

APPLICATION POTENTlAL(1) 

0 - volt (control) 

25 - volts 

5600 

5900 

1100 

1110 

30 - volts 5800 1110 

35 - volts 5750 1110 

(2) 
APPLICATION TIMEV 

0 - seconds (control) 5600 1375 

5 - seconds 5500 1375 

10 - seconds 5120 1375 

30 - seconds 5625 1375 

APPLICATION RATE(3) 

0 - seconds (control) 5600 1100 

3 - seconds 5600 1100 

5 - seconds 5200 1250 

10 - seconds 5175                              1275                J 
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FIGURE 25.    SEM PHOTO- 
GRAPH - OXIDE LAYERS 
ON FPL SURFACE TREATED 
ALUMINUM CATHODICALLY 
ELECTROPRIMED AT 
25 VOLTS FOR 15 SECONDS 

FIGURE 26.   SEM PHOTO- 
GRAPH - OXIDE LAYERS 
ON FPL SURFACE TREATED 
ALUMINUM CATHODICALLY 
ELECTROPRIMED AT 
30 VOLTS FOR 15 SECONDS 

FIGURE 27.   SEM PHOTO- 
GRAPH - OXIDE LAYERS 
ON FPL SURFACE TREATED 
ALUMINUM CATHODICALLY 
ELECTROPRIMED AT 
35 VOLTS FOR 15 SECONDS 

mm» 

7075-T6 BARE 20, 000X 

7075-T6 BARE 20, 000X 

7075-T6 BARE 20, 000X 
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FIGURE 31.    SEM PHOTO- 
GRAPH - OXIDE LAYERS 
ON FPL SURFACE TREATED 
ALUMINUM CATHODICALLY 
ELECTROPRIMED AT 
30 VOLTS FOR 5 SECONDS 

7075-T6 BARE 

FIGURE 32.    SEM PHOTO- 
GRAPH - OXIDE LAYERS 
ON FPL SURFACE TREATED 
ALUMINUM CATHODICALLY 
ELECTROPRIMED AT 
30 VOLTS FOR 10 SECONDS 

20, 000X 

7075-T6 BARE 20, 000X 

FIGURE 33.    SEM PHOTO- 
GRAPH - OXIDE LAYERS 
ON FPL SURFACE TREATED 
ALUMINUM CATHODICALLY 
ELECTROPRIMED AT 
30 VOLTS FOR 30 SECONDS 

7075-T6 BARE 
20, 000X 
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FIGURE 37.   SEM PHOTO- 
GRAPH - OXIDE LAYERS 
ON FPL SURFACE TREATED 
ALUMINUM CATHODICALLY 
ELECTROPRIMED 

POTENTIAL APPLICATION 
RATE 3 VOLTS/SECOND TO 
REACH 30 VOLTS 

NOTE:   TIME TO REACH 30 
VOLTS IS 10 SECONDS 

FIGURE 38.   SEM PHOTO- 
GRAPH - OXIDE LAYERS 
ON FPL SURFACE TREATED 
ALUMINUM CATHODICALLY 
ELECTROPRIMED 

POTENTIAL APPLICATION 
RATE 6 VOLTS/SECOND TO 
REACH 30 VOLTS 

NOTE:   TIME TO REACH 
30 VOLTS IS 5 SECONDS 

FIGURE 39.   SEM PHOTO- 
GRAPH - OXIDE LAYERS 
ON FPL SURFACE TREATED 
ALUMINUM CATHODICALLY 
ELECTROPRIMED 

POTENTIAL APPLICATION 
RATE 10 VOLTS/SECOND TO 
REACH 30 VOLTS 

NOTE:   TIME TO REACH 
30 VOLTS IS 3 SECONDS 

>*; 

,..«'(»»»i^^piwB 

2-1-77 FPL ETCH    RATE  10 SEC 20KX 

7075-T6 BARE 20, 000X 

'» «>, 

3-1-77  FPL  ETCH    RATE  3 SEC    20KX 

7075-T6 BARE 20,000X 

14ÄÄ«fc ^"'Uii 

**•_•%. 

3-1-77  FPL  ETCH    RATE  3 SEC    20KX 

7075-T6 BARE 20, 000X 
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In summary, the process application study was initiated with the anodic applica- 

tion process.   This study indicated that anodic electropriming requires extremely low 

voltage deposition from a high solids bath to minimize oxide interface effects.   The 

study then investigated the cathodic deposition process.   Although initial findings indi- 

cated an oxide thickness growth, electron diffraction analyses showed the crystal- 

lographic structure of the cathodically primed substrate identical to the unprimed 

control.   SEM analyses of the application process variables utilizing the selected con- 

tract formulation indicates no change in appearance or thickness of the surface prepara- 

tion oxide when electropriming over an FPL etch or 10 volt phosphoric acid surface 

treatment.   Based on the findings of this development phase, together with information 

evolved in Phase I, the application parameters for applying the modified epoxy electro- 

primer were defined as follows: 

Cathodic Voltage (1) 

Current Density (2) 

- 30 ± 3 Volts 

- 12 APSF 

- 15-30 Seconds Time 

Cure Temperature    —   345"F 

Cure Time —  30 Minutes 

^ ' The application voltage is preset to 30 volts. 

' ' The current control is increased from zero until a 30 volt potential is reached. 

This is done in about five seconds.   The current "spikes" to about 12 APSF and 

decays to zero in 1-2 seconds. 

^ The 30 volt cathodic potential is held for an additional 15 seconds for deposited 

film densification. 

These process parameters provide a continuous uniform primer film 0.18 -i 0.02 mil 

in thickness and were utilized to electroprime the required test aluminum substrates 

for Phase III evaluations. 

PHASE III — PRIMER PERFORMANCE ASSESSMENT 

Phase I of this development program studied the polyester, acrylic, and epoxy 

electroprimers as candidates in the exploratory development of a corrosion inhibiting 

primer.   Phase II investigated the anodic and the cathodic electropriming processes, 

and Phase III was a comparative performance evaluation of the C-5301 electroprimer 

and application process to the current state-of-the art BR-127 adhesive bonding primer. 
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Task 1 — Paint Systems Compatability 

This task evaluated the selected contract primer, C-5301, for flexibility, cor- 

rosion resistance, and adhesion, alone and in combination with the BR-127 adhesive 

primer, the MIL-P-23377 primer, and the aliphatic urethane topcoat MIL-C-83286. 

The specific tests performed and the test results are presented in Table 17.   It was 

demonstrated that the cathodically applied modified epoxy electroprimer was compa- 

table with the state-of-the-art hand-sprayed primers and performed equally as well in 

the specific tests as follows: 

Adhesion- The wet tape adhesion test FTMS 141, Method 6301.1, was performed on 

bare 2024-T3 and 7075-T6 aluminum alloys.   Normally, the surface preparation of 

aluminum alloy utilizes a room temperature deoxidizer followed by a chromate conver- 

sion coating to promote adhesion and inhibit corrosion.   The surface preparation for 

this test was the FPL etch only and there were no observations of any adhesion pro- 

blems.   Indeed, no lack of adhesion has been noted with electroprime systems by 

Northrop during its last five years of study on electroprimers. 

Flexibility Test — The flexibility test conducted have shown that the electroprimer 

films are extremely flexible.   This is attributable to the film thickness normally 0.1 

to 0.4 mil.    In the flexibility test, the panels are bent over a conical mandrel.   There 

was no evidence of cracking, peeling, or incompatibility noted using the contract pri- 

mer C-5301 combined with the MIL-P-23377 primer and the aliphatic urethane topcoat, 

MIL-C-83286.   To further evaluate the electroprimer system compatibility and flexi- 

bility, test panels of the C-5301 primer, MIL-P-23377 primer, and topcoat were 

inpact tested with a Gardner Laboratory Heavy-Duty Impact Tester.   The test panels 

were impacted at 80, 120, and 160-in/lbs.   There was no observed cracking or chip- 

ping with any of the finish systems even when the aluminum substrate failed at 160-in/ 

lbs. 

Corrosion Resistance Test — The corrosion resistance of the C-5301 primer was 

evaluated over the FPL etch surface treatment on 2024-T3 bare and 7075-T6 bare alu- 

minum alloys.   This primer was acceptable alone and in combination with the refer- 

enced paint primers and topcoats and was comparable with the BR-127 control primer, 

A few minute "pin-holes" were noted in the electroprimer film after 800 hours ex- 

posure, but corrosion did not migrate at the "pin-hole" sites.   Results of the 1000- 

hour exposure salt spray tests were acceptable.   The "pin-hole" effect was also noted 
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in previous Northrop studies utilizing the anodic polyester system.   At that time, it 

was determined that a conventional chromatc conversion coat prior to electropriming 

protected the aluminum substrate for over 5000 hours of salt fog exposure without any 

significant signs of corrosion.   An additional series of 2024-T3 bare and 7075-T6 bare 

aluminum panels were prepared for corrosion resistance testing.   The current state- 

of-the-art surface preparation was used before priming and included a chromate con- 

version coating.   After 2500 hours exposure to salt fog there was no sign of corrosion, 

pitting or loss of surface gloss when examined at 20X magnification. 

Results of the salt fog corrosion test are presented pictorially in Figures 43 to 

46. 

Task 2 — Adhesive Bonding Characteristics 

This task was conducted to assess the electroprimer and application process 

developed in Phase I and Phase II of this program.   In this assessment, the 10 volt 

phosphoric acid anodize and the FPL etch surface treatments were utilized prior to 

electropriming and compared to the current state-of-the-art hand-sprayed adhesive 

primer BR-127.   The assessment was performed using the FM-73, 250F curing film 

adhesive, and the FM-400, 350F curing film adhesive.   The complete test schedule is 

defined in Table 18. 

The test specimen configurations used are presented in the Appendix D.   Results 

of the required tests are presented in Tables 19 through 28. 

Tensile Shear Test — Tensile shear tests with the FM-73 film adhesive produced 

higher strengths with the C-5301 primer at ambient and 180F test temperatures and 

over both surface treatments compared to the BR-127 control primer. However, at 

the -67F test temperature, the BR-127 generally produced higher tensile shear 
■ 

strengths than the C-5301.   However, two of the five C-5301 tensile test specimens 

over the 10 volt phosphoric acid anodize surface treatment produced strengths 

equivalent to the BR-127 primed specimens at -67F.   These two specimens had combi- 

nation failure modes, reference Figure 47.   Typical failure modes of failed tensile 

shear specimen are presented pictorally in Figures 48 to 55. 

The tensile shear specimens exposed to 30-day salt fog prior to testing provided 

very encouraging results.   These tests produced results equivalent to unexposed speci- 

mens in the room temperature and only a 20% reduction was noted in the 180F tempera- 

ture tests.   Based on previous experience with corrosion inhibiting adhesive primers 
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FIGURE 43.    COMPATIBILITY TEST PANELS OF PRIMER SYSTEMS 
AFTER 1000 HOURS SALT SPRAY - 7075-T6 BARE 
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FIGURE 44.   COMPATIBILITY TEST PANELS OF PRIMER SYSTEMS 
AFTER 1000 HOURS SALT SPRAY - 2024-T3 BARE 

47 

.,*^<^^.^^.^ i.^....^..,,^,,.... -■.--^^.-^^■.^:^...-|llaaliirt^ J-i...^.-...^..^»..'^»^^, 

% ■ 







Wll|l|llli|jlM^,ui!imiA4^,^M^V-J(H^-^Wl!!!^^^lH« mmiismmmimmmmmtmmmmmmmmmmm ^ira™,yjJl>Wi™»WMUip,MTO!Jmm(«HlJW,u.u,,Ir,w.-jji«.^.^^^ 

w 
p 
Q 
W 
K 
U 
03 

H 
M 
w 
H 
H 

W 

to 
CO 
w 

< 
o 
S 
p 

i 
> 
I—I 

w s 
Q 
< 

< 

CD 

3S 

o   o   c    2    o    3   .2   .2 
333       3^333 

„.2000 
7:    Jl   vi    in    i«    m    w    '^ 

f. i(. if V ^ >■ 

■yi    Ul    'Ji    -n 

>;  x  x  x 

X   X   X   S   3i   X   X 
x  x  x  x  x  a  x 

S£HEcc    =    o 

o   o    o    c    =    o 

X   X    X    X 

X    X    X    X    X X 

xxxxxxxx 

X    X    X    X    X    X    X    X 

X   X   x   x   x   X 1    X    X    X    X    X    X    X    X    x    X 

X    X    X    X 

X    X    X    X 

X    X    X    X 

X    X    x    x 

X   X   X   X   X   X    X    X    X   X    X    X    X    X    X    X 

X   X   x   x X    X    X    X 

X X X X 

X     X     X     X 

X        x        x x x x 

X, x x x 

xxxxxxxx xxxxxxxx 

0. u. 
[fl 2 

0 

u31 

la i I f 1 ■* 
2 ■§ 2 ? » $ P    <    ?.    Ä   H    tlfi 

I 1 
■a  < 

xxxxxxxx 

xxxxxxxx 

£.,£_£-£ 

gl 

E  .,   E 

u      u       y 
s      1      1       a      i 

a      u      u      y       y       u      y 

So 

II 

fB 

50 

■    ■ ■   ■ 

....^ .^-.^ ..^ -..  ^- ~  .-■—■ ■-.-- . ^- ^ -^^ ■—^^- 

i ^.^MWli^glgpj^^'^^Wttoft^« -n;^^",H 

^^■^■^tWv^ .. ..* .A ■..i^L^,;:.^^.,.,:..,. ■ ■ :...^*:....-...^.,..^ti. 

■-1*HW^ ■■'■■■■■■ ■ 



1   IJ '   ' mm^mmm^m wmmmmmmmmmmmm mmmnmmmmm tmmm^mmmmmm 

TABLE 19.   TENSILE SHEAR TEST RESULTS FOR FM-73 FILM ADHESIVE 
lOV PHOSPHORIC ACID ANODIZE - 7075-T6 BARE 

SPECIMEN(1) 

NUMBER 

TEST 
TEMPERATURE 

(oF) 

PRIMER 

C-5301 BR-127 

ULTIMATE(4) 

STRENGTH (PSI) 
ULTIMATE(4) 

STRENGTH (PSI) 

FM-73-l(2) -67 3650<3)<5) 

FM-73-2 -67 8450(3) 

FM-73-3 -67 8160 8400 
FM-73-4 -67 4080(5) 8180 

FM-73-5 -67 4730(5) 8380 

Average 5810 8320 

FM-73-1 Ambient 5530 

FM-73-2 Ambient 5670 

FM-73-3 Ambient 5280 5420 

FM-73-4 Ambient 5460 5120 

FM-73-5 Ambient 5730 5320 

Average 5540 5290 

FM-73-1 180 5110 

FM-73-2 180 5140 

FM-73-3 180 5180 4850 

FM-73-4 180 5330 4600 
FM-73-5 180 5000 4500 

Average 5150 4650 

(1) Average bondline thickness was 0.005 inch. 
(2) C-5301 primer thickness was 0.0002 inch. 
(3) Fracture analyses were performed on failed specimens 
(4) All failures were cohesive except as noted. 
(5) Adhesive failure. 
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Tm™™     TENSILE SHEAR TEST RESULTS FOR FM-73 FILM ADHESIVE - 
10V PHOSPHORIC ACID ANODIZE 7075-T6 BARE AFTER 30 DAY SALT FOG 

EXPOSURE 

SPECIMEN(1) 

NUMBER 

TEST 
TEMPERATURE 

("F) 

PRIMER                         1 

C-5301 BR-127 

ULTIMATE(3) 

STRENGTH (PSI) 
ULTIMATE(3) 

STRENGTH (PSI) 

FM-73-SS-l(2) 
Ambient 5590 

'^mm 

FM-73-SS-2 Ambient 5480 
FM-73-SS-3 Ambient 5520 
FM-73-SS-4 

FM-73-SS-5 

Ambient 

Ambient 

5760 

5670 

5390 

5000 

Average 5600 5190 

FM-73-SS-1 180 4350 
FM-73-SS-2 180 4220 
FM-73-SS-3 180 4650 
FM-73-SS-4 

FM-73-SS-5 

180 

180 

3700 

4620 

4690 

5310 

Average 4310 5000 

NOTES:   (1)  Average bondiine thickness was 0.005 inch. 
(2) C-5301 primer thickness was 0.0002 inch. 
(3) All failures were cohesive. 
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TABLE 21.   TENSILE SHEAR TEST RESULTS FOR FM-73 FILM ADHESIVE - 
FPL ETCH 7075-T6 BARE 

SPECIMEN (1) 
TEST 

TEMPERATURE 

PRIMER                              | 

C-5301 BR-127 

ULTIMATE (4) ULTIMATE (4) 

NUMBER (=F) STRENGTH (PSI) STRENGTH (PSI) 

FM-73-1 (2) -67 4220 (3) 

FM-73-2 -67 5350 <3) 
FM-73-3 -67 5720 8220 

FM-73-4 -67 2940 8000 

FM-73-5 -67 4440 8200 

Average 4530 (5) 8140 

FM-73-1 Ambient 6060 

FM-73-2 Ambient 5660 

FM-73-3 Ambient 5560 5500 

FM-73-4 Ambient 5510 5280 

FM-73-5 Ambient 5600 5500 

Average 5680 5430 

FM-73-1 180 4600 

FM-73-2 180 4600 

FM-73-3 180 4810 4850 

FM-73-4 180 4890 4740 

FM-73-5 180 4780 4460 

Average 4750 4680 

NOTES:   (1) Average bondline thickness was 0.005 inch. 
(2) C-5301 primer thickness was 0.0002 inch. 
(3) Fracture analyses performed on failed specimens. 
(4) All failures were cohesive except as noted. 
(5) Adhesive failures. 
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TABLE 22.   TENSILE SHEAR TEST RESULTS FOR FM-73 FILM ADHESIVE - 
FPL ETCH 7075-T6 BARE AFTER 30 DAY SALT SPRAY EXPOSURE 

SPECIMEN (1) 

NUMBER 

TEST 
TEMPERATURE 

(0F) 

PRIMER 

C-5301 BR-127 

ULTIMATE (3) 

STRENGTH (PSI) 
ULTIMATE (3) 

STRENGTH (PSI) 

FM-73-SS-1 (2) Ambient 5480 

FM-73-SS-2 Ambient 5550 

FM-73-SS-3 Ambient 5340 

FM-73-SS-4 Ambient 5520 5500 

FM-73-SS-5 Ambient 5420 5210 

Average 5460 5360 

FM-73-SS-1 180 3710 

FM-73-SS-2 180 3790 

FM-73-SS-3 180 3440 

FM-73-SS-4 180 3660 4480 

FM-73-SS-5 180 3370 4640 

Average 3590 4560 

NOTES:   (1)   Average bondline thickness was 0.005 inch. 
(2) C-5301 primer thickness was 0.0002 inch. 
(3) All failures were cohesive. 
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TABLE 23. TENSILE SHEAR TEST RESULTS FOR FM-400 FILM ADHESIVE - 
10V PHOSPHORIC ACID ANODIZE — 7075-T6 BARE 

SPECIMEN (1) 

NUMBER 

TEST 
TEMPERATURE 

(oF) 

PRIMER 

C-5301 BR-400 

ULTIMATE 
STRENGTH (PSI) 

ULTIMATE 
STRENGTH (PSI) 

FM-400-1 (2) 

FM-400-2 
FM-400-3 
FM-400-4 
FM-400-5 

Average 

-67 
-67 
-67 
-67 
-67 

4860 
4840 
4980 
4700 
4930 

4860 (4) 

7520 
6880 
7490 

7300 (4) 

FM-400-1 
FM-400-2 
FM-400-3 
FM-400-4 
FM-400-5 

Average 

Ambient 
Ambient 
Ambient 
Ambient 
Ambient 

5510 
4270 
4290 
4060 
4890 

4600 (4) 

7900 
7460 
7900 

7750 (4) 

FM-400-1 
FM-400-2 
FM-400-3 
FM-400-4 
FM-400-5 

Average 

180 
180 
180 
180 
180 

5980 
5980 
5960 
6000 
5900 

5960 (5) 

(3) 

FM-400-1 
FM-400-2 
FM-400-3 
FM-400-4 
FM-400-5 

Average 

250 
250 
250 
250 
250 

4350 
4570 
5000 
4890 
5320 

4830 (5) 

5520 
5450 
5500 

5490 (5) 
FM-400-1 
FM-400-2 
FM-400-3 
FM-400-4 
FM-400-5 

Average 

350 
350 
350 
350 
3r<o 

3510 
3300 
3410 
3610 
3560 

3480 (5) 

4200 
4390 
4320 

4300 (5) 

NOTES: (1) 
(2) 
(3) 
(4) 
(5) 

Average bondline thickness was 0.007 inch. 
C-5301 primer thickness was 0.0002 inch. 
180F tensile test on control specimens was not required. 
Adhesive failures. 
Combination adhesive/cohesive failures. 
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TABLE 24.   TENSILE SHEAR TEST RESULTS FOR FM-400 FILM ADHESIVE - 
10V PHOSPHORIC ACID ANODIZE 7075-T6 BARE AFTER 30 DAY SALT 

FOG EXPOSURE 

SPECIMEN (1) 

NUMBER 

FM-400-1 

FM-400-2 

FM-400-3 

FM-400-4 

FM-400-5 

Average 

(2) 

FM-400-1 

FM-400-2 

FM-400-3 

FM-400-4 

FM-400-5 

Average 

TEST 
TEMPERATURE 

(0F) 

Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

350 

350 

350 

350 

350 

PRIMER 

C-5301 (2) 

ULTIMATE 
STRENGTH  (PSI) 

5730 

4950 

4740 

6090 

5210 

5340 (3) 

1480 

1610 

1960 

1770 

1690 

1700 
(3) 

NOTES:   (1)   Average bondline thickness was 0.007 inch. 
(2) c-5301 primer thickness was 0.0002 inch. 
(3) Combination adhesive/cohesive failure. 

BR-400 

ULTIMATE 
STRENGTH (PSI) 

7100 

6900 

7000 
(3) 

3880 

3360 

3620 (3) 

..,,;i,i. ■■'■■-■ . :■,-.-,-'■*■  -■■■.i:i-: 
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TABLE 25.   TENSILE SHEAR TEST RESULTS FOR FM-400 FILM ADHESIVE- 
FPL ETCH 7075-T6 BARE 

SPECIMEN(1) 
TEST 

TEMPERATURE 

PRIMER 

C-5301 BR-400 

ULTIMATE(3) ULTIMATE(3) 

NUMBER (°F) STRENGTH (PSI) STRENGTH (PSI) 

FM-400-l(2) -67 4320 
FM-400-2 -67 4290 
FM-400-3 -67 3880 8160 
FM-400-4 -67 4150 7100 
FM-400-5 -67 4800 6020 

Average 4290(4) 7090(5) 

FM-400-1 Ambient 52G0 
FM-400-2 Ambient 4950 
FM-400-3 Ambient 4800 7720 
FM-400-4 Ambient 4760 7300 
FM-400-5 Ambient 4710 7700 

Average 4900(5) 7570(5) 

FM-400-1 180 5210 
FM-400-2 180 5000 
FM-400-3 180 5250 (3) 
FM-400-4 180 5160 
FM-400-5 180 4980 

Average 5120^ 

FM-400-1 250 3780 
FM-400-2 250 3280 
FM-400-3 250 2650 5620 
FM-400-4 250 3510 5700 
FM-400-5 250 3570 5220 

Average 3360(5) 5510^ 

FM-400-1 350 2040 
FM-400-2 350 1880 
FM-400-3 350 1970 4370 
FM-400-4 350 1920 4340 
FM-400-5 350 1790 4410 

Average 1920(5) 4370(5) 

NOTES: (1) 
(2) 
(3) 
(4) 
(5) 

Average bondline thickness was 0.007 inch. 
C-5301 primer thickness was 0.0002 inch. 
180 F tensile test on control specimens not required. 
Adhesive failures. 
Combination adhesive/cohesive failures. 
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TABLE 26.   TENSILE SHEAR TEST RESULTS FOR FM-400 FILM ADHESIVE - 
FPL ETCH 7075-T6 BARE AFTER 30 DAY SALT FOG EXPOSURE 

NOTES:   (1)   Average bondline thickness was 0.007 inch. 
(2) C-5301 primer thickness was 0.0002 inch. 
(3) Combination adhesive/cohesive failures. 

SPECIMEN(1) 
TEST 

TEMPERATURE 

PRIMER 

C-5301 BR-400 

ULTIMATE ULTIMATE 
NUMBER (0F) STRENGTH (PSI) STRENGTH (PSI) 

FM-400-1 Ambient 5300 

FM-400-2 Ambient 5340 
FM-400-3 Ambient 5130 
FM-400-4 Ambient 5920 7310 
FM-400-5 Ambient 5560 6400 

Average 5460(3) 
6860(3) 

FM-400-1 350 810 
FM-400-2 350 930 
FM-400-3 350 1000 
FM-400-4 350 970 2570 
FM-400-5 350 950 3390 

Average 930(3) 
2980(3) 
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TABLE 27.   STRESS RUPTURE TEST RESULTS FOR FM 73 FILM 
ADHESIVE 7075-T6 BARE 

Specimen 

Number(1) Primer 

Surface 
Preparation 

Load 
(Pounds) 

Load 
(^RT 

Ultimate 
Strength) 

Hours 
to 

Failure 
(4) 

10 Volt 
Phosphoric 

Acid Anodize 
FPL 
Etch 

FM-73-1 

FM-73-2 

FM-73-3 

Average 

C-5301(2) 

C-5301(2) 

C-5301(2) 

X 

X 

X 

1090 

1090 

1090 

40 

40 

40 

1714 

1714 

1714 

1714 

C-FM-73-1 

C-FM-73-2 

C-FM-73-3 

Average 

BR-127(3) 

BR-127(3) 

BR-127(;3) 

X 

X 

X 

1060 

10(50 

1060 

40 

40 

40 

(5) 

FM-73-1 

FM-73-2 

FM-73-3 

Average 

C-5301(2) 

C-5301(2) 

C-5301(2) 

X 

X 

X 

1080 

1080 

1080 

40 

40 

40 

466 

261      ■ 

529 

419 

C-FM-73-1 

C-FM-73-2 

C-FM-73-3 

Average 

BR-127(3) 

BR-127(3) 

BR-127(3) 

X 

X 

X 

1085 

1085 

1085 

40 

40 

40 

1589 

2381 

1589 

1853 

NOTES:   (1)  Average bondllne thickness was 0.005 inch. 
(2) C-5301 primer thickness was 0.0002 inch. 
(3) Average BR-127 primer thickness was 0.00018 inch. 
(4) Exposure conditions - 120F, 100% RH. 
(5) No failure at 2500 hours exposure - ambient temperature tensile 

strength retention after exposure was 100%. 
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TABLE 28.   STRESS RUPTURE TEST RESULTS FOR FM-400 FILM 
ADHESIVE 7075-T6 BARE 

Specimen 

Numbera) Primer 

Surface 
Preparation 

Load 
(Pounds) 

Load 
% RT 

Ultimate 
Strength) 

Hours 
to 

Failure 
(4) 

10 Volt 
Phosphoric 

Acid Anodize 
FPL 
Etch 

FM-400-1 C-5301(2) X 835 35 275 

FM-400-2 C-5301(2) X 835 35 275 

FM-400-3 C-5301(2) X 835 35 241 

Average 263 

C-FM-400-1 BR-400(3) X 1335 35 152 

C-FM-400-2 BR-400(3) X 1335 35 152 

C-FM-400-3 BR-400(3) X 1335 35 152 

Average 152 

FM-400-1 C-5301("' x 949 35 412 
FM-400-2 C-5301(2) 

X 949 35 279 

FM-400-3 C-5301(2) X 945 35 279 

Average 323 

C-FM-400-1 BR-400(3) X 1325 35 152 

C-FM-400-2 BR-400(3) X 1325 35 152 

C-FM-400-3 BR-400(3) X 1325 35 152 

Average 152 

NOTES:   (1) Average bondline thickness was 0.007 inch. 
(2) C-5301 primer thickness was 0.0002 inch. 
(3) Average BR-400 primer thickness was 0.00015 inch. 
(4) Exposure conditions — 140oF, lOO^f RH. 
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and FM-123-2 adhesive, a much greater (approximately 50%) reduction in tensile shear 

strengths had been anticipated after the 30 day salt fog exposure.   Since 100% cohesive 

failures were produced by all specimens exposed to the salt fog, it is believed the re- 

duction of the 180F tensile strength is attributable to the degradation of the adhesive 

as opposed to degradation of the electroprimer or primer/substrate interface.   This 

adhesive degradation is apparent at the elevated test temperature when the adhesive 

begins to soften.   Typical failures are shown in Figures 48 and 49.   A control series 

of test specimens were fabricated, exposed to 30 days salt spray and tensile tested 

at 180F and ambient temperature.   The test data, presented in Table 20 and 22, shows 

no significant loss in tensile strength of the BR-127/FM-73 adhesive system when ex- 

posed to 30 day salt spray compared to the unexposed specimens.   Therefore, the 20% 

reduction in tensile strength of the C-5301/FM-73 adhesive system at 180F after 30 

day salt spray exposure may not be attributed exclusively to the softening of the adhe- 

sive.   The oxide/primer interface of the electroprimed tensile specimens is affected 

by the salt spray environment but this subtle change in the interface could not be de- 

tected by the room temperature tensile test.   This change was detected by the more 

aggressive elevated temperature tensile test. 

Tensile shear test results with the FM-400 film adhesive show lower test results 

at aH test temperatures compared to the baseline adhesive primer. 

The failure modes for the C-5301 primer showed the failures at the primer/ 

substrate interface whenever adhesive failure occurred.   The adhesive failures for 

the C-5301/FM-400 adhesive system occurred at the -67F and ambient tensile test 

temperatures.   At test temperatures above ambient, the failure modes are primarily 

cohesive and appear equivalent to the BR-400/FM-400 adhesive system tensile test 

failures.   There was no evidence of any failure at the primer/FM-400 interface.   Com- 

paring the tensile strength test results of the C-5301 primer over FPL etch surface 

treatment to the C-5301 primer over the 10 volt phosphoric acid anodize treatment 

shows higher strengths are obtained with the 10 volt phosphoi-ic acid anodize surface 

treatment.   This result indicated some effects on the surface treatment oxide are 

occurring during cathodic electropriming with the application parameters used for this 

test.   Since the normal oxide thickness produced by the FPL etch surface treatment is 

one-tenth of that produced by the 10 volt phosphoric acid anodize surface treatment, 

the FPL etch surface treatment reflects the cathodic application effects to a greater 

extent.   Even though the C-5301 provided lower tensile shear strengths compared to 
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the BR-400 control, the failure modes were comparable in percent cohesive failure in 

most cases. 

It is believed that the contract primer performace can be significantly improved 

with a more detailed investigation of the application process and formulation develop- 

ment.   These considerations are explained in more detail in Section III of this report. 

Fracture analyses of the -67F tensile shear specimens indicated in Table 19 and 

21 were performed to define the area of failure.   Standard 90-degree bend specimens 

were prepared for SEM analysis from specimens of 7075-T6 bare which had been ten- 

sile shear tested.   The test samples were taken perpendicular to the tensile shear load- 

ing direction from opposite fracture faces of the failed specimens.   The samples had 

been surface treated with FPL etch and 10 volt phosphoric acid anodize prior to elec- 

tropriming.   SEM examination of the -67F failed surfaces showed separation between 

the electi'oprimer and the surface of the original oxide layer.   In the case of the FPL 

etch, the layer was approximately 400 A thick,  Figures 5G and 57.   The phosphoric 
o 

acid anodize was approximately 4000 A thick, Figures 58 and 59.   Observation of the 

surface of the oxide layer did not reveal any fracturing.   The primer peeled away from 

the oxide surface and showed a "replica" of the oxide layer; i.e., the nodular surface, 

Figure 60.   A decided diffusion of the primer into the adhesive was apparent but, phy- 

sically, there was no primer observed in the oxide layer.   The adhesive mode of fail- 

ure of the -67F tensile test specimens is attributed to the brittle character of the cured 

C-5301 primer.   The mode of failure and the tensile strength of the C-5301/FM-73 

adhesive system will be improved by the addition of an elastomer into the electroprimer 

formulation. 

Stress Rupture Tests — The stress rupture tests are defined in Table 18, 

page 50.   The stress rupture test results are presented in Tables 27 and 28.   Results 

of the stress rupture tests utilizing the 250F curing adhesive, FM-73, show the 

BR-127 control primer producing higher durability test results over both the FPL 

etch and the 10 volt phosphoric acid anodize surface treatments when compared to 

the C-53Ü1 primer.   The test results utilizing the 350F curing adhesive, FM-400, 

show the C-530 primer producing higher durability test results over both the FPL 

etch and the 10 volt phosphoric acid anodize surface treatments when compared to 

the BR-400 control primer.   Care must be taken in the interpretation of these stress 

rupture test results.   A comparative evaluation in durability performance on the 

C-5301 primer and the control primer, BR-400. cannot be made since the room 
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7075-T6 BARE 10, 000X 

FIGURE 56.   SEM PHOTOGRAPH - FPL SURFACE OXIDE IN ADHESIVE 
FAILURE AREA OF TENSILE SPECIMEN AT 10,000X 

7075-T6 BARE :o,ooox 

FIGURE 57.   SEM PHOTOGRAPH - FPL SURFACE OXIDE IN ADHESIVE 
FAILURE AREA OF TENSILE SPECIMEN AT 20,000X 
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TABLE 25).    METAL/METAL PEEL TEST RESULTS FOR FM-73 FILM 
ADHESIVE - 10 V PHOSPHORIC ACID ANODIZE AND FM-123-2 FILM 

ADHESIVE - 10 V PHOSPHORIC ACID ANODIZE 

SPECIMEN(1) 
TEST 
TEMP BARE 

PRIMER 

BARE 

PRIMER         | 

C-5301 BR-127 C-5301 BR-127 

LBS/1" LBS/1" LBS/1" LBS/1" 
NUMBER (0F) ALLOY WIDTH WIDTH ALLOY WIDTH WIDTH 

FM-73-r ' -67 2024-T3 21 17 7075-T6 11 6 

FM-73-2 -67 2024-T3 17 23 7075-T6 13 7 

FM-73-3 -67 2024-T3 18 22 7075-T6 22 7 

FM-73-4 -67 2024-T3 17 20 7075-T6 23 7 

FM-73-5 -67 2024-T3 11 21 7075-T6 16 7 

Average 17 20 17 7(4) 

FM-73-1 Amb 2024-T3 46 47 7075-T6 44 34 

FM-73-2 Amb 2024-T3 49 46    , 7075-T6 44 35 

FM-73-3 Amb 2024-T3 47 ,    46 7075-TG 44 34 

FM-73-4 Amb 2024-T3 49 47 7075-TG 44 35 

FM-73-5 Amb 2024-T3 49 46 7075-T6 44 32 

Average 48 46 44 34 

FM-123-1 -67 2024-T3 17 23 7075-T6 4 8 
FM-123-2 -67 2024-T3 18 24 7075-T6 8 10 
FM-123-3 -67 2024-T3 16 24 7075-T6 8 8 
FM-123-4 -67 2024-T3 18 25 7075-T6 9 10 

FM-123-5 -67 2024-T3 16 23 7075-T6 10 10 

Average 17 24 8(4) 9'4> 

FM-123-1 Amb 2024-T3 37 34 7075-T6 26 20 

FM-123-2 Amb 2024-T3 38 34 7075-T6 26 20 

FM-123-3 Amb 2024-T3 37 34 7075-T6 27 21 

FM-123-4 Amb 2024-T3 37 33 7075-T6 26 21 
FM-123-5 Amb 2024-T3 36 34 7075-T6 26 20 

Average 37 34 26 20     | 

NOTES:     (1)   Average bondline thickness was 0.013 inch. 
(2) C-5301 primer thickness was 0.0002 inch. 
(3) Average BR-127 primer thickness was 0. 00018 inch. 
(4) Combination adhesive/cohesive failure - all other failures were 

cohesive. 
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TABLE 30.    M^TAL/METAL TEST RESULTS FOR FM-73 
I I L ETCH AND FM-123-2 FILM ADHESIVE - FPL FILM ADHESIVE - 

ETCH 

SPECIMEN(1) 

NUMBER 

FM-73-1(2) 

FM-73-2 
FM-73-3 
FM-73-4 
FM-73 

Average 

FM-73-1 
FM-73-2 
FM-73-3 
FM-73-4 
FM-73-5 

Average 

FM-123-1 
FM-123-2 
FM-123-3 
FM-123-4 
FM-123-r, 

Average 

FM-123-1 
FM-123-2 
FM-123-3 
FM-123-4 
FM-123-5 

Average 

NOTES: (1) 
(2) 
(.'5) 
(4) 

Average bondhne thickness was 0.013 inch. 
C-5301 primer thickness was 0.0002 inch 
Average BR-127 primer thickness was 0 nnm« .    u 
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In all other test conditions, the C-5301 primer performed equivalent to the 

BR-127 control primer.   The failure modes of the 0-5301 and BR-127 on the T-Peel 

specimens were equivalent in appearance.   Typical failure modes of tested T-Peel 

specimens are shown in Figures 61 through 66. 

!n summary, based on the test data to date, the overall adhesive bonding 

assessment has shown the C-5301 primer superior in some tests, and the BR-127 con- 

trol primer superior in other tests.   The performance data for the developed C-5301 

electroprimer looks promising, but indicates that further development is required to 

provide a universal primer superior in all respects to the state-of-the-art hand- 

sprayed primer. 

PHASE IV - COST ANÜ SCALE-UP ASSESSMENT 

This cost and scale-up assessment had the following objectives: 

1. Assess the adaptability of the C-5301 primer to a controlled automated 

application. 

2. Estimate the present application cost of the BR-127 primer. 

3. Estimate the costs of an automated application of the C-5301 primer and 

compai'e to the BR-127. 

This study uses as a baseline a Northrop engineering assessment of the electro- 

prime process which determined the feasibility and cost effectiveness of installing an 

automated electroprime line to prime aluminum detail parts for corrosion protection 

with and without subsequent topcoats. The engineering assessment recommended the 

procurement and installation of an electropriming facility with a projected savings of 

2.0 million dollars based on a 7-year amortization period with a 2. 2-year pay-back. 

The recommended complete installation, all costs included, was estimated at 

8622. 000.   The assessment was based on the flow of aluminum parts 24-inch wide by 

48-inch long or smaller.   Larger aluminum parts were not considered in the study. 

The selection of aluminum parts represents 839t of the Northrop parts using the NA1- 

1269* primer and approximated 46. 000 parts per week.   Parts handling methods for 

cleaning, alodining, and top coating were compared to those proposed for an electro- 

prime facility.   Labor content of the present and proposed methods were compared and 

*Northrop materials specification - see Appendix B 
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a summary of the labor savings given.   Material cost reductions made possible by the 

electroprime process were documented.   The major material savings resulted from 

reduction in the amount of primer used, since electropriming can maintain a controlled 

film thickness of 0. 0002 inch. 

Figure 67 shows the proposed process sequence of the automated electropriming 

line for priming detail aluminum parts for corrosion protection. This line utilizes the 

Northrop 1330* anodically applied polyester primer for corrosion protection. 

Variations of the sequence shown in Figure 67 are in use in the aircraft industry 

today.   These variations in surface preparation include acidified and deionized rinses. 

The electropriming stage is a total immersion application requiring an approximate 

60-second application time with a 2-3 minute rinse and a 30 minute curing cycle. 

To adapt the C-5301 electroprimer to automated processing requires the addition 

of a phosphoric acid anodizing capability shown by the dotted line in Figure 67.   Other 

considerations are the conversion to a cathodic potential which requires a simple elec- 

trical rearrangement and verification that all parts in the electropriming tank unit are 

nonmagnetic.   The cathodic bath is subject to iron contamination by dissolution of pump 

parts, etc., which are not stainless.   The Northrop design considered the possibility 

of cathodic electropriming and designed the proposed electropriming stage exclusively 

with corrosion resistant alloys (stainless steel). 

The engineering study performed by Northrop compared the cost of handspraying 

a corrosion protection primer which serves as the comparative basis for estimating the 

application costs of BR-127. 

The estimated recurring costs for the BR-127 line assuming 46, 000 parts per 

week are as follows: 

Base Labor Costs 

Base Material Costs 

Base Energy Costs 

Total Base Cost 

$    800,000 

200,000 

70,000 

$1,070,000/year 

*Northrop material specification - see Appendix B. 
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•CLEAN 

A EMULSION CLEANER 
B RINSE 
C AKALINE CLEANER 

D RINSE 
E DEOXIDIZE 
F RINSE 
G ALODINE 
H RINSE 
I ELECTROPRIME 
J RINSE 
K CURE 

SURFACE TREATMENT 

X  10 VOLT PHOSPHORIC ACID ANODIZE 

FIGURE 67.    PROPOSED NORTHROP NAI 1330 
ELECTROPRIME PROCESS LINE 
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Agam u6i„g the basic electroprimtog line with the addition of the pho8phorio acid 
anodlze, the estimated recurring costs for a C-5301 electropriming line assuming 
4b, 000 parts per week would be as follows: 

Base Labor Costs $    535, 000 

Base Material Costs 80, 000 

Base Energy Costs 30, 000 

Total Base Cost $    645, 000/year 

The recurring cost differential, or potential yearly savings amounts to $425 000 

based on a load of approximately 46, 000 parts per week.   Based on estimated used in 

the referenced study, approximately $800, 000 would be required to install a C-5301 

electroprimer system capable of treating up to 46, 000 parts per week.   The maximum 
part size would be 72 inches in length and 48 inches in width. 

In summary, a projected annual savings of $425, 000 can be realized utilizing the 

C-5301 electroprime compared to the conventional hand sprayed BR-127.   An invest- 

ment of approximately $800. 000 would be required to implement a completely auto- 
mated C-5301 cathodic electropriming facility. 

PHASE V - UNIFORMITY AND REPRQDUCIBILITY ASSESSMENT 

To comparatively evaluate the hand-spray application method of priming versus 

the electropriming application method, relative to uniformity and reproducibility   a 

fairly simple part configuration was designed.   A sketch of the part is presented in 

Figure 68.   Eight specimens of this configuration were fabricated.    Four of the speci- 

mens were hand sprayed with BR-127 adhesive primer in a production priming facility 

on four different days, and four were electroprimed in the laboratory's 20 gallon electro- 

priming cell.   The laboratory electropriming cell is a replica of production type auto- 

mated units.   Results of this comparative study are presented in Table 31. 

The test data shows all specimens met the average adhesive primer film thick- 
nesS of 0. , _ 0> 3 mil      ^^^   ^ ^ i2o ^^^ ^^^J^ 

aken on the   and spayed specimens, 28 individual readings were out of the required 

Xe    It? iZT dete
ri
r:inati0nS bel0W and 20 terminations above tho designated 

wmn'th H S determinationS 0n the electroprimed specimens fell well 
w*h n the required range.   The areas on hand spayed substrates which are most 

likely to be out of the tolerance range are the edges, whether the part be of flat stock 
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CENTRAL AREA 

RECESS AREA 

ELECTROPRIME METHOD 

(A) Uniform Primer Applied 

(g) uniform Primer Applied 

(Q)    Uniform Primer Applied 

HAND SPRAY METHOD 

Excess Primer Applied 

Average Primer Applied 

Minimal Primer Applied 

FIGURE 68.   UNIFORMITY AND REPRODUCIBILITY SPECIMEN CONFIGURATION 

■  - —     - - ■     ■ ■ -^  -  -•— - - , -  — 
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TABLE 31.   UNIFORMITY AND REPRODUC1BILITY JEST RESULTS FOR 
HAND SPRAYED VERSUS ELECTROPRIMED SUBSTRATES 

 • 1 

SPECIMEN PRIMER 

PRIMER THICKNESS (MIL)                           1 

HIGH LOW RANGE AVERAGE 

1 
2 
3 
4 

1 
2 
3 
4 

BR-127 
BR-127 
BR-127 
BR-127 

C-5301 
C-5301 
C-F301 
C-5301 

0.38 
0.38 
0.38 
0.36 

0.20 
0.20 
0.19 
0.19 

0.04 
0.06 
0.11 
0.10 

0.16 
0.15 
0.15 
0.14 

0.34 
0.32 
0.27 
0.26 

0.04 
0.05 
0.04 
0.05 

0.20 
0.23 
0.24 
0.27 

0.18 
0.18 
0.17 
0.17 

or compound curvature.   This is due to the airflow pattern of the material around the 

parts being coated.   The film thickness is generally high in those areas close to the 

edges.   The electroprimer is far superior relative to reproducibility even though both 

methods are acceptable.   The controlling factor in the electropriming process for film 

thickness is the applied potential.    For this assessment, a 30 volt potential was used. 

The film will be reproduced by any operator using the 30 volt application potential. 

The process can be further controlled by "locking in" the 30 volt application potential 
on the control panel.   In hand sprayed primers, day-to-day reproducibility is operator- 

dependent and is a developed art. 
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SECTION III 

CONCLUSIONS AND RECOMMENDATIONS 

FOR FUTURE WORK 

CONCLUSIONS 

The objective of this program was to develop corrosion inhibiting primers for 

adhesive bonding of aluminum alloys which are more reproducible and less costly to 

apply than current state-of-the-art corrosion inhibiting primers.   The primers shall 

be compatible as a minimum goal with 250F curing 180F service capability state-of- 

the-art structural adhesives, and desirably with 350 F service adhesives, and also air- 

craft paint primers and paints (primarily exterior).   Further, the primers shall have 

a low total or "in-place" cost, based on materials processes and quality assurance 

considerations.   They shall be easy to process, uniform in coverage, reproducible, 

adaptable to compound curvature of parts and also to automated processing. 

The polyester, acrylic, and epoxy electropriming resin systems were investi- 

gated.   The three resin systems all produced acceptable wedge test results over the 

10 volt phosphoric acid anodize surface treatment comparable to the BR-127 baseline 

primer; i.e., crack extension growth of less than 0.25 inch in a 24 hour exposure. 

The polyester electropriming resin system was unable to produce an acceptable 

wedge test result over an FPL etch surface treatment, even though it was demonstrated 

that significant improvement in performance could be achieved with an application poten- 

tial less than 15 volts.   The acrylic electropriming resin system produced acceptable 

results over both the 10 volt phosphoric acid anodize, and the FPL etch surface treat- 

ments.   However, incompatibilities between the acrylic electropriming resin and the 

modified epoxy film adhesive,  FM-123, were noted at ambient and 180F tensile shear 

tests.   The tensile shear test results were low, results scattered, and the failure modes 

indicated as high as 90^ adhesive failure occurring between the primer and adhesive. 

Acceptable wedge test, tensile shear test, and paint compatibility performance 

was achieved by the modified epoxy electroprimer during screening test evaluations. 

The anodic electropriming process was investigated.   Inrtrumental analysis showed 
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increasing anodic application potentials increased the primer/substrate interface oxide 

thickness and character, and the increase in oxide thickness detrimentally affected 

wedge test performance.. Instrumental analysis of the cathodic electrodeposition process 

verified that the oxide interface did not change form during cathodic electropriming over 

FPL etch and 10 volt phosphoric acid anodize control surface preparations.   Further, 

SEM analyses showed the surface treatment oxide did not change in thickness or appear- 

ance when cathodic electropriming with the C-5301 contract primer.   Based on the above 

findings, it was concluded that the cathodically deposited modified epoxy electroprimer, 

C-5301, was the best resin/process available to meet the program objectives.   Efforts 

were made to lower the cure schedule of the initial modified epoxy formulation.   The 

initial modified epoxy electroprimer cured at 400F for 30 minutes.   Defining a more 

acceptable class of crosslinker (catalyst) lowered the cure requirement of the epoxy to 

375F and, subsequently, to 345F for 30 minutes.   Acceptable wedge test results were 

also obtained using a cure schedule of 325F for 60 minutes.   Based on these develop- 

ments, it is concluded that the cathodically applied modified epoxy electroprimer cure 

schedule can be reduced below 300F.   It is projected that a 250F/275F cure schedule 

can be achieved, with further primer resin formulation efforts. 

The developed contract electroprimer C-5301 performed acceptably in evaluation 

tests relative to paint systems compatibility and provided mixed results relative to 

bondability.   The T-peel test results with the C-5301 contract primer were higher than 

the baseline BR-127 primer.   With the FM-73 adhesive, the ambient and elevated tem- 

perature tensile shear test results with the C-5301 were higher than the BR-127 con- 

trol, but comparatively lower with the FM-400 film adhesive.   Based on these test 

results, it is concluded that the C-5301 electroprimer has not been completely opti- 

mized relative to the aspects of bonding with 350F curing adhesives. 

The electropriming application method produced films reproducible within 

±0.00001 inch in thickness with a film thickness uniformity of ±0.00003 inch.   The 

hand sprayed BR-127 produced films reproducible within ± 0.00004-inch average film 

thickness with a film uniformity of ± 0.00014 inch.   It is concluded that electropriming 

is far superior to hand sprayed primers relative to uniformity and reproducibility and 

is independent of part configuration.   Further, the film thickness uniformity of hand- 

sprayed primer is grossly affected by part configuration, whereas electropriming 

assures film thickness uniformity on the most complex parts. 
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The intrinsic advantages of the electropriming application method over the cur- 

rent state of-the-art hand sprayed priming method are overwhelming. Comparatively 

these advantages are: 

1. The electropriming method is cost effective relative to labor and material. 

The electropriming method is readily adaptable to automated processing 

thereby significantly reducing the labor required for parts handling.   Elec- 

tropriming is material usage effective, with efficiencies over 95 percent! 

The hand spray priming method is labor intensive and is inefficient in ma- 

terial usage, with a 509c overspray loss and a subsequent solvent evapora- 

tion loss from the applied film.   The net material usage efficiency of hand 

sprayed coatings is only 25 percent. 

2. Electropriming provides a continuous processing sequence from preclean- 

ing through primer cure.   The net effect eliminates shop contamination 

between surface preparation and priming and thereby eliminates oxide 

changes in the surface preparation which result from atmospheric exposure. 

The hand spray priming method subjects parts to latent organic shop con- 

taminants in the time dwell between surface preparation and priming and 

also provides the atmosphere for random oxide changes in the surface prep- 

aration.   The susceptibility to changes in the surface preparation oxide 

must be emphasized as a major concern since it explains the cause of var- 

ious random bonding failures which heretofore have not been explainable. 

Even the latent sulfur from heating fuels used in some manufacturing plants 

can and do sulfonate the aluminum oxide surface preparation and provides a 

failure mechanism for subsequent adhesive bonds.   Electropriming effec- 

tively eliminates these problem areas with a continuous process sequence. 

3. The electropriming method provides total coverage of complex shapes. 

This advantage becomes increasingly significant when considerations are 

given to the complexity of detail parts on the interior of the aircraft.   All 

areas of the complex parts are protected including recesses, holes, and 

"blind" areas.   Evaluating two priming methods in a laboratory test on flat 

panels fails to correlate to actual production items and may indicate equiv- 

alency in the two priming methods.   Hand sprayed detail aircraft parts will 

have voids and "lean" areas due to limitations of the spraying method. 

Evaluation of the two methods on actual complex production parts will 

conclusively show the superiority of the electropriming method which pro- 

vides total coverage of all parts. 
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4. The electropriming application method provides reproducible coatings.    In 

a manufacturing process line, it will reproduce the same film independent 

of time and independent of an operators developed art.   Hand sprayed prim- 

ers are totally operator dependent.    The developed technique of the opera- 

tor and his attitude to utilize the proper techniques, all contribute to the 

quality, or lack thereof, of the finished parts. 

5. The electropriming application method provides a uniform primer film. 

The thickness of the deposited film is controlled by the pi'e-set application 

potential which provides a specific thickness. The hand sprayed primer 

thickness will not only vary from one spray booth to another due to air flow 

volume and pattern, but will also vary due to the "visibility gage" of one 

operator to another.   The other aspect of controlled uniformity is relative 

to process inspection wherein the operator primes parts to satisfy the vis- 

ual interpretation of the process inspector rather than the controlling pro- 

cess document. 

6. The electropriming method is ecologically preferred.   All of the primer 

material put in the process tank is deposited on the work piece as opposed 

to hand sprayed primers which spew 75% of all material emanating from 

the paint gun up the flue and into the atmosphere. 

7. The electropriming method is desirable from a safety aspect.   The electro- 

primer is a water reducible coating,  and as such does not require solvents 

for dilution and clean-up.   The current aircraft primers are solvent redu- 

cible coatings, and intrinsically are a safety and health hazard.   All air- 

craft plants are plagued by the voluminous demand for solvents required 

for painting and priming. 

8. The electropriming application method provides corrosion protection of 

detail aluminum parts at a uniform film thickness of 0.2 mil.   Hand sprayed 

primers are applied to 0. 5 to 1. 2 mil in thickness.   Considering the total 

surface area of all parts in the aircraft to be primed, the electroprimer 

film provides a significant weight saving. 

Considering the overwhelming advantages of the electropriming process and 

the promising results of this contract effort,  it is the author's opinion that the entire 

aircraft industry should exploit this process in an expeditious manner to provide the 

civilian and military aircraft market with higher performance, cost effective aircraft. 
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RECOMMENDATIONS FOR FUTURE WORK 

Based on the encouraging results of this test program, the following recommen- 
datiors for future work are made: 

1. Develop a 250F curing cathodically applied modified epoxy electroprimer. 

2. Optimize the modified epoxy electroprimer for adhesive bonding by defin- 

ing the best class and concentration of the key components in the electro- 
priming formulation. 

3. Characterize the electroprimer/substrate interfacial oxide after electro- 
priming. 

4. Develop a new surface treatment for aluminum substrates which is respon- 

sive to automated processing (the 10 volt phosphoric acid anodize surface 
requires a 20 minute immersion time). 

5. Develop methods for electropriming honeycomb core to provide a complete 

corrosion resistant adhesive bonded aluminum structure. 
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APPENDIX A 

MECHANISM OF FILM FORMATION 

AND SCHEMATIC DIAGRAM OF CATHODIC ELECTROPRIMING 
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STAGE   ] 

ANODE   (+) 

DEPOSITION  STARTS  ON  EDGES  AND  SURFACES  CLOSEST  TO   ANODE 

STAGE   2 

ANODE   (+) 

INSULATIVE  NATURE  OF  DEPOSITED  FILM RESULTS   IN  DEPOSITION ON  RECESSED AREAS 

STAGE   3 

ANODE  (+) 

FINAL  STAGE  RESULTS   IN  COMPLETE  COVERAGE  AND  DENSIFICATION OF  FILM 

MECHANISM OF  FILM FORMATION ON  IRREGULAR  SURFACES 
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SOURCE 

©- WORKPIECE - CATHODE (-) 

@- AUXILIARY - ANODE (+) 

©- ELECTROPRIME RESIN 

®- WATER SOLUTION OF RESIN SYSTEM 

@- ELECTROPRIMING TANK 

SCHEMATIC DIAGRAM OF 

CATHODIC ELECTROPRIMING 
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APPENDIX B 

NORTHROP CORPORATION 

MATERIAL SPECIFICATION 

AND PAINT SYSTEMS COMPATABILITY TEST METHODS 

99 

* igp M - 

:i^ä^^!kl:h;^..\y,,-.^.^^,:..^.,S.-^^  r..:. ..^.^K.-:: .. \..':-..-.^..:.:ül^ __;,. 



mwmmt^m^vmvv-imi^zm***!?"' ■■'•+'>■'■>■' >■' ^;m^.-> '■■u,iif:j,.ji4. .j^uiijapiii^flWpi^Blippp^H ■■ JIWIIJW laMiuiiiiiiiiMi 

«•OJtCT OF'iCC 

^..      ., 

Northrop Corporation 
Aircraft Olvlalon 

MATERIAL  SPECIFICATION 

NAI-1269 
DATE     2 May 1972 

RELEASE EOJ^21fL 
CODE IOENT. NO   7M29 REVISION 

TITLE FLUID RESISTANT CATALYZED PRIMER 

(Thle revlelon euperaedes Material  Specification MAI-1269,  Revlalon B,   dated XO-19-71. 
Technical  changes from the prevloue  leeue are marked TC in  the  outer margin.) 

i.   scopp 

1.1 This specification establishes the requirements for an air dry epoxy primer as a 
protective, corrosion inhibiting, fluid resistant undercoat to be used alone or In 
conjunction with a topcoat. 

1.2 The primer, as controlled by this specification, is a 2 part material, air dry type, 
for Interior or exterior use on aerospace vehicles. It Is to be used as a corroBlo«! 
inhibiting coating or as a corrosion inhibiting undercoat. 

1.3 Primers meeting the requirements of this specification meet the requirements of the 
Los Angeles County Air Pollution Control District, Rule 66, for materiale to be used 
within Los Angeles County, California. 

2.  APPLICABLE DOCyURITS 

2.1 The following publicatiomo of the Issue in effect on the date of invitation for bids 
or request for proposal form a part of this specification to the extent specified 
herein. 

2.2.1    Sff?CUl(?ftUW9 

2.2.1.1    CCC-C-419 

2.2.1.2 QQ-A-250/4 

2.2.1.3 QQ-A-250/5 

2.2.1.4 QQ-A-250/12 

2.2.1.5 QQ-A-250/14 

2.2.1.6 QQ-M-44 

2.2.1.7 TT-K-781 

2.2.1.8 TT-I-735 

2.2.1.9 TT-M-261 

2.2.1.10 TT-N-95 

2.2.1.11 TT-S-735 

2.2.1.12 TT-T-266 

2.2.1.13 MIL-C-5541 

2.2.1.14 MIL-H-5606 

2.2.1.15 MIL-L-780e 

Cloth, Duck Cotton, Unbleached, Plied Yams Army and 
Numbered 

Aluminum Alloy 2024, Plate and Sheet 

Aluminum Alloy Alclad 2024, Plate and Sheet 

Aluminum Alloy 7075, Plate and Sheet 

Aluminum Alloy 7178, Plate and Sheet 

Magnesium Alloy Plate and Sheet (AZ31B) 

Ethylene Olycol Monoethyl Ether 

Isopropyl Alcohol 

Methyl Ethyl Ketone, Technical 

Naptha, Aliphatic 

Standard Test Pluide; Hydrocarbon 

Thinner, Lacquer 

Chemical Conversion Coatings on Aluminum 
and Aluminum Alloys 

Hydraulic Fluid, Petroleum Base;  Aircraft Mlsalle, and 
Ordnance 

Lubricating Oil, Aircraft Turbine Engine, Synthetic Base 

TC 
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NORTHROP 
Northrop Corporation 

Aircraft Division 

MATERIAL SPECIFICASIOHi HA1-1269 
Ravi al en C 

DATC   2 Way 1972  

2.2 

2.2. 

2.2, 

2.?, 

2.2. 

2.2. 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

3. 

3.1 

3.1 

3.1 

3.1 

.1.16 MIL-A-8625 

1.17 MIL-S-8802 

1.18 mL-C-9084 

1.19 MIL-R-9300 

.1.20 MIL-M-45202 

.1.21 MIL-S-83315 

.2   stflp^rtp 

,2.1    Federal Teet Method 
Standard No.  141 

2.2    Federal Standard 
No.   595 

•3    Induatry 

.i.l    ASTM D268 

.3.2    ASTM D522 

REQUXREMEWT^ 

Quallflnflt1?r 

Anodic Coatings,  for Aluminum and Aluminum Alloys 

Sealing Compound.  Temperature-Realetant,  Integral  Fuel 
Tanke and Fuel Cell Cavities, High Adhesion 

Cloth,  Glaee,  Plnlahed,  for Polyester Resin Laminate» 

Reein,  Epoxy,  Low-Presaure Laminating 

Magneelum Alloys, Anodic Treatment of 

Sealing Compound, Aluminum Structure,  Pressure and 
weather Sealing,  Low Density 

Paints,  Vamleh,  Lacquer,  and Related Materials;    Methodn 
of Inspection,  Sampling and Testing C

"^B.    netnods 

Colors 

Sampling and Testing Lacquer Solvents and Diluents 

SSl^sfA^Äs LaCqUer COatlnge Wlth the ^^ 

3.1 

3 .:. 

3.1, 

3.1 

3.1 

1.1 

3.2 

3.2 

1    requ?re^nts^tf?^rLr4e^^^C^?^l^ol^
0 I*1* r0lfiCatl0n *^ -«t all 

materials to be used Sft^Ä ÄL^^^f^^?1 Dl8tri0t>  Rule 66'   for 

•2     Qualification Pr^nr to  Prod^lnr) 

?o.te?ll requirements iS^LS^Ä^H?1^ ^^^^^^^ 

2.2 Product qualification is granted only by Aircraft Division Materials Engineering 

2.3 J-lInfatiSn^Ä^olffl^^^d0^^^^6 fhtn be »ade subsequent to 
Division Materials Engineering      L^?n^t?PPr^al  in ritlng fron A^craft 
of manufacture shall be required. lcatl0n ^ a reVi8ei1 Serial  or method 

2.4 JA ?S^Ä^a ^ ^pbroevqUaienJuLhl??ra^onBh^ ^ ^T ^ **** -ufacturlng 
fro* the same company,  3halP? KpÄfLlo^ Stal S^^Ä^'tSÄ 

•'    TemnorftTv 9ualiflca^"M 

.3.1    Upon successful completion of the niio-m-(„ ..< ^ 
stability (3.3.5), a material mnv ^ailflca*lon te8tB specified herein,  except 
the Qualified ProductfuBtlo^ls sfe^rflcat?^ ^^^ *** ** liBteä on 

.3.2    Final  approval shall be based on successful completion of the test for stability 

• 1    Vehtpj-s - The vehicle used  in the   fnr™.!   *< , ^ 
epoxy as determined in accordance wi^?"^. ' ^^ BhaU be " Mlln« »urod 
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NORTHROP 
Northrop Corporation 

Aircraft Division 

MATERIAL SPECIFICATION i  NA1 l;'6y 
Knvl BJ on C 

DATE   ■' May mg 

3.2.2 Applic^Uop 7 The primer base material plua catalyst and thinner (if neceasary) nrv 
each to be mixed in the volume ratio specified by the manufacturer to produce a 
suitable viscosity for application by spray, brush, or flowcoat equipment. 

3.2.^ Appearance - Thr material shall be free of skins, lumps, grit, and all foreim 
contaminants and shall be easily mixed to a smooth homogeneou^ oondltlon as «oel-mi 
fillT  v1^' drlng p0t life' and after one year of Borage.  The material "an bf free ot sVlnfl. lumps, grit, and nil foreign contaminants after application 

3.2.4 

.2.5 

Odor - The odor of the primer (base nr catalyst' 
operator applying the materlale. shall not cause discomfort to 

Toxicitj - Materials meeting the requirements of this specification shall have no 
?nIendedeJurrose?    ^^ 0f per8onnel durln« U8e ^/curing when uSed for the 

3.3  Ptivslcal Property,; 

3.3.1 Weight Per Gallon 

3.3.1.1 

3.3.1.2 

The weight per gallon of each of the components shall not vary by more than 
iO.2 pound per gallon when tested in accordance with 4.7.1.    The  thinner (If re- 
f!:iTtti S ^ noJ vafy ?y

1?
ore than ±0'1 I,ound Per «allon.    The established value 

'? -n   v    t8^ °aterial ^all be 9.0 to 10.5 pounds per gallon,  and  the catalyst 
shall be 6.7 to 7.4 pounds per gallon. 

on'the'SlA^duci^Ustf11118 <1UallfiCation ot each "»*«^  ^^ **  H-ted 

3.3.2    EfflffiaiAUlfl 

3.3.2.1 The nonvolatile content of the base material and catalyst shall not vary from the 
established percentage by more than ±2 percent.    The nonvolatile content of each 
of the components shall be determined separately in accordance with 4 7.2      "he 
nonvolatile content of the thinner (if required)  shall not exceed 5 mllligrama 
per ..00 mlllillterB when tested in accordance with 4.7.2. 

3.3.2.2    The actual values established during qualification of each material ehall be listed 
on tne Qualified Products List. 

3.3.3    nflgoaifof - The viscosity of the base component mixed with catalyst and thinner (when 
peoj™ by manufacturer)  shall be 16 seconds ± 0.5 when tested in acoorSe with 

3.3.4 

3.3.5 

3.3.6 

Ifls^t^rhJ^iL^i?0 e^1*eno! 0*  «ginning, gelling, or seeding after the 
mixed material has been allowed to stand at room temperature for 15 to 17 hours 
«t!£??Ü^CVlth<2-V\wIf "eoe""y. th« material may be restored to the 
established visoosltv by the addition of not more than 20 percent (by volume) 
llflh^iJ^tv "^^"^ 8ha11 meet the "P"^1"« requirement of the estab- lished viscosity. The resulting coating shall have a flatlsfactorv surface 
appearance and shall meet the following requirements. 

a. Dry time (3.3.7) 

b. Surface appearance (3.2.3) 

c. Color (3.3.8) 

d. Metal anchorage (3.4,5) 

e. Distilled water immersion (3.4.4) 

f. Humidity (3.4.1) 
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3.3.7    Dry T^ag - The applied coating shall air dry within the following uuucimum time 
periods when tested in accordance with 4.7.6. 

a. Dust free 

b. Tack free 

c. Hard 

15 minutes 

2 hours 

4 hours 

3.3.8 Color - The  color of the primer shall be yellow-green in the range from yellow 
approximating Federal Standard No.   595,  Color 23685,   to green approximating 
Color 34138,   characteristic of the  chromate pigmcnta used. 

3.4    Film Properties 

3.4.1 

3.4.2 

3.4.3 

3.4.4 

Humidity Resistance - The primer shall show no loss of adhesion, blistering, or 
softening of the film after 720 to 750 hours in condensing humidity at 120 F ± 2 
when tested in accordance with 4.7.8.  Blistering that extends leas than 0.125 inch 
from the panel edge shall not bo considered failure. 

Impact Resistance - The primer shall not crack or lose adhesion when subjected to 
an impact of 50 inch pounds on the coated surface and 30 inch pounds on the reverse 
side of the panel when tested in accordance with 4.7.9. 

Corrosion Resistance - The applied primer shall protect aluminum substrate from cor- 
rosion for a mlhiiaua of 1000 hours and magnesium substrate for a minimum of 500 hours 
when exposed to 5 percent, aalt spray and tested in accordance with 4.7.10.  Corrosion 
within 0,125 inch of the soribe mark and panel edges shall not be considered failure. 

Fluid Resistance - The applied primer shall withstand Immersion in the following 
fluids at 75 F + 5 for the time specified without blistering, loss of adhesion, 
softening, or other film failures when tested In accordance with 4.7.11.  Blistering 
which is obviously caused by contamination, such as fingerprints or marring of the 
panel due to scratches, and those blisters occurring within 0.25 inch of a panel edge 
or hole shall not be cause for rejection. 

a. Distilled water 7 days 

b. MIL-H-5606 Fluid 7 days 

c. MIL-L-7808 Jet engine oil  7 days 

3.4.5 Metal Anchor^ " Tbe applied primer shall show eatlefactory adhesion to chemically 
treated metal with no flaking and no cracking beyond 1/2 inch from the 1/R inch end 
of a conical mandrel when tested in accordance with 4.7.12. 

3.4.6 Heat Resietapce - The applied primer shall show no blistering, lose of adhesion, or 
other evidence of film failure when tested in accordance with 4.7.13.  Discoloration 
and cracking without adhesion loss shall not be cause for rejection. 

3.4.7 Low Temperature Resistance - The applied primer shall show no loss of adhesion or 
other evidence of film failure when tested In accordance with 4.7.14. 

3.4.8 Sealant Compatibility 

3.4.8.1 The applied primer shall be compatible with MIL-S-8802 and MIL-S-83515 sealing 
compound. 

3.4.8.2 When tested for compatibility with sealants,   the peel strength of the  sealant  shall 
average at least 20 pounds per inch peel with no value lower than 15 pounds for any 
one specimen.    The separation shall be a minlmuni of 95 percent In cohesion of the 
sealant,   disregarding areas of sealant to cloth failures,  when tested  in accordance 
with 4.7.15. 

'•4'9    Flp.lBh Systeni Cflapatibi,!!^ - The applied primer from any qualified supplier shall be 
compatible with the primer of any other qualified supplier when applied as part of a 
finish  system and tested  In accordance with 4.7.16. 

'•4-10    Repq3,rflbllJ,l;Y - The applied primer shall be repairable and show no loss of adhesion 
or other evidence of film failure when tested  in «ooordan.ee with 4.7.17. 
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4.     QOALITY ASSORAMO« PBOVTaiQlia 

4.1     «•■Bon.lbllltv  for In.t.«ntln« 

4.1.1 Unlaaa othcrwiae apaolfltd In the oontraot or purohaaa ordar, tba aaauXftOturar of tba 
material ahall be responsible for the perfozmanoe of all Inapaotlon raq^lrementa aa 
apeolfied herein. Hxoept aa otherwlae apeoifled In the contract or purohaaa order, 
the manufacturer may uae hla own facllltlea or any oonmerolal laboratory aooaptabla 
to the Aircraft Dlvlelon. The Aircraft Clvlalon reaervea the right to parfom any 
or all of the Inapeotlona aet forth herein where auch Inapaotloaa are deemed 
neceaeary to aaaure that the material conforma to the preaorlbad requlramenta. 

4.1.2 Inapectlon reoorde shall be kept complete and available to the Aircraft Dlvlelon for 
a period of 3 years. Theae records ahall contain all data neoeaaary to dattralna 
compliance with the requirements of this apeclflootlon. 

4.2 Claaalfloatlon of Inapeotlon - Inapectlon requirements are olaaalflad aa followai 

a. Qualification 

b. Quality Ccnfomanoe 

4.3 flmllttfliUBa 

4.3.1 Qualification shall require one gallon of baae material and the neoeaaary catalyst 
and thinner (if required), packaged In one quart klta, aooompanlad by the manu- 
facturer's recommended mixing Inetructlona, and by a teat report from an Aircraft 
Division approved laboratory.    The report ahall provide evidence of amtlafactory 
compliance to all the requirements of thla apeolrlcatlon, and ahall Hat by manu- 
facturer'a name,  formula number, and specifloatlcn number,  the compatible topooate 
and sealants. 

4.3.2 Qualification ahall be baaed on aubmlttal of a teat report In aooordanoe with 4.3.1 
and Aircraft Division conducted teata.    Alroraft Dlvlelon ocnduoted teats ahall In- 
clude any teats considered neoeaaary to aaaure equivalency to prevloualy qualified 
producta. 

4.4    SlBftu jy.SaaXfl; 
tanoe of 

aiafll - The following quality conformance teata ahall be performed for - * acoeptanoe of production materials.    Each production batch ahall be teated ualng a pre- 
vlouely accepted batch of primer,  catalyet, and thinner (if apeoifled) aa a control.    The 
actual valuee for nonvolatile, weight per gallon,  viscosity, pot life,   dry time,  and 
Impact realatance ahall be reported. 

a. fflBK BMP 
Application propertlee (4.6.1) 
Nonvolatile (4.7.2) 

Weight per gallon (4.7.1) 

Vlocnaity (4.7.3) 

Pot life (4.7.4) 

Dry time (4.7.6) 

Impact reelatanoe (4.7.9) 

Dlatllled water (4.7.11) 

Metal anchorage (4.7.12) 

Humidity (7 day exposure) (4.7.6) 

Color (4.7.7) 

b. ftiaiT ffitlATlt 

Nonvolatile (4.7.2) 

Weight per gallon (4.7.1) 

c   flriBtr Bilnrmr 
Nonvolatile (4.7.2) 

IC 
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4.4.1    SaaiAAflg - Unleee otherwlae apeoifled, not lees than one one-quart kit of primer ahall 
be selected at random from each production batch and subjected to the tests specified 
In 4.4.     Outside contractors see 4.7,21. 

4.4.1.1   2ft£sb - A batch shall consist of all material manufactured in one continuous opera- 
tion and presented for inspeotion at one time. 

4.5    Test Conditions 

4.5.1 Stundt^pd Con(^tf.ope - Standard oonditions shall be a temperature of 77 F 1 2 and a 
relative humidity of 50 percent ± 5.    All  testa shall be conducted at standard con- 
ditions unless otherwise specified. 

4.5.2 laat PflflglB 

4.5.2.1 All tests shall require 4 specimens of each class for each test condition unless 
otherwise specified. 

4.5.2.2 inscription of Teat fanelp - Teat panels shall be  identified by the following olaes 
designations.    Unless otherwise specified,   test panels shall be approximately 
0.032 by 4 by 6 inches. 

a'     SAMfl A
 - Epoxy fiberglass laminated  in accordance with MIL-C-9084 and 

MIL-R-9300, using style No.  181 fabric. 

b'    SlUi P - Alclad 2024-T3 aluminum alloy (QQ-A-250/5) with immersion chemical 
treatment in aocordanoe with MIL-C-5541. 

Clft«ff C - Bare 2024-T3 aluminum alloy (QQ-A-250/4) with ImmerBlon chemical 
treatment in accordance with MIL-C-5541. 

CIM" P - Bare 2024-T3 aluminum alloy (QQ-A-250/4) with ohromio acid anodize 
in accordance with MIL-A-8625,  Type I. 

S - Bare 7178 aluminum alloy  (QQ-A-250/14)  with chromic aoid anodiee  in 
accordance with MIL-A-8625,   Type I. 

o. 

e. 

f. Siaflftj: - Bare 7075-16 aluminum alloy (QQ-A-250/12) with sulfurio aold anodize 
in accordance with MIL-A-86251  Type II. 

g. Clapp G - Bare 7075-T6 aluminum alloy  (QQ-A-250/12) with immersion chemical 
treatment in accordance with MIL-C-5541. 

h.     Cl^pp H - AZ31A magnesium alloy  (QQ-M-44)  with MIL-M-45202, Type I anodic 
treatment. 

1.  Class J - Bare '10?4-T^ aluminum alloy (QQ-A-250/12) with sulfurio aoid anodize 
In Bocnrdnnce with MIL'-A-fl625, Type II.  Test oanels approximately 
O.ov hv IP hv I?  inches. "        " 

i,     Claes K - Baro :n?A-Tl  aluminum alloy (QQ-A-250/12) with immersion chemical 
trentment In accordance with MIL-C-5541.  Test panels approximately 
O.'-n? by 1? by 12 Inches. 

W.  c;aBB L - AZMA magnesium alloy (QQ-M-44) with MIL-M-45202, Type I anodic treat- 
ment. Teat panels approximately 0.03? by 12 by 12 inches. 

4.5.2.3 glflflBl;!« gf Tqet PmsJLfl - Immediately prior to application of primer, the surface 
of each panel ahall be cleaned by applying TT-T-266 lucquer thinner directly to 
the panel to wet the entire surface. While the surface is wet, sorub thoroughly 
with clean cheesecloth saturated with TT-T-266. Wipe dry with clean oheosecloth 
before the solvent evaporates. Panels which appear to be of questionable quality 
for any reason shall be discarded. 

4•5•2•4 HBBJliM.of <a9aP<?4 Fflfle.lj - Cleaned panels shall be handled only with clean white 
cotton gloves, shall be stacked clean-elde-to-clean-slde or Individually wrapped 
in clean chemically neutrul paper, and shall be used within 8 hours after cleaning. 
Panels not used within the 8 hour period shall be recleaned. 
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4.6   PgM»M.*t<>m of i!,.t aamiM 

4.6.1   gH 
by the manufacturer 

aaä 
Ing DM« i material, catalyst, 

. - The primer shall be prepare« for •praylnfl by 
and thinner (if required) In the ratio speolfled 

4.6.1.1 

4.6.1.2 

Apply the primer directly to the applicable panel. 

Spray a uniformly wet coat to a dry film thickness of 0.5 to 0.7 mil. 
4.6.2 Oarinm of Vr-lm* - Unless otherwise specified, all tsst panels shall be permitted 

to our« for 168 hours t 4 under standard conditions prior to eTaluatlon.    The cure 
of the ooatlng shall be tested In accordance with 4.7.19 on 2 panels of any class. 

4.6.3 Apalloatlnn  of Smmlmatm 

4.6.5.1 Two sets of Class C panels shall be primed In aocordance with 4.6.1 and allowed 
to oure In accordance with 4.6.2. The primed panels shall be cleaned by thoroughly 
scrubbing with clean cheesecloth wet with naptha TT-N-95. Panels shall be wiped 
dry using clean dry cheesecloth. Handle cleaned panels as specified in 4.5.2.4. 

Coat one sst of panels with a continuous layer of properly mixed and Qualified 
MZIi-S-8802 sealant and the other with MIL-S-83315 sealant approximately 
0.125 inch ± 0.015 thiok on 5 inches of eaoh panel. ~ 

A 3 by 13 inch strip of cotton duck or cotton drill or a 1 by 12 laoh monel screen 
C cloth or screen with 80 pounds per inch minimum breaking strength) shall be 
impregnated with the same sealant that is on ths panel to whioh the strip will 
be applied so that approximately 5 inches on one end is completely covered on both 
sides. Work sealant well into the cloth or screen. 

The sealant-impregnated end of the cloth or scrsen shall be placed on the panel, 
leaving a loose, unlmpregnated end, approximately 7 inches in length. Smooth the 
cloth or screen down on the layer of sealant, taking care not to trap air under ths 
cloth. An additional 0.125 inch coating of the same sealing material shall be 
applied over the impregnated cloth. 

4.6.3.5 ftBJMLBl 8MAlBl| - Unless otherwise specified, all sealant ooated test panels 
shall be permitted to cure for 168 hours ± 4 under standard conditions prior to 
evaluation. 

4.6.3.2 

4.6.3.3 

4.6.3.4 

4.7   Itlt atttflfll 
4•,•1 «1«« eral Tea feftt, The wslght per «alien ahall be determined in aocordanoe with 

od Standard Ho. 141, Method 4184. 
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4.7.2    Monvo^tlle Cof^^ - The nonvolatile content shall  be determined In aooordanoe with 
Federal Test Method Standard No.  141, Method 4041.1 with the following exoeptlonai 

a.     Base Comnfl^ 

1. Sample  size shall be 0.75 to 1.25 grams. 

2. Add Epon 828 (Shell Chemical Company) plaetlclzer equal to approximately 
one half the weight of the sample. 

SQZfii    The nonvolatile of eaoh batch of Epon 828 shall be determined and 
the containers shall be kept tightly capped between usage. 

3. Thoroughly mix the base and the Epon 828 and bring to a constant weight at 
275 P ±  25. 

4. Calculate the percent nonvolatile and correct for percentage Epon 828 
nonvolatile. 

Him of gf EeTo^X * 1°° 
Catalvat - The nonvolatile content of the catalyst shall be determined in 
accordance with one of the  following methods. 

1. Pederevl Test Method Standard No.  141, Method 4041.1. 

2. Titration Method  for Percent Amlne Deteiminatlon. 

a.   SaMaate 

1. Standard HCL solution, approximately 0.5 Normal  (N). 

2. Bromophenol blue indicator solution. 

3. Solvent mixture:    1:1 by volume of ethylene glycol and isopropyl 
alcohol. 

b.     Preparation of O.^N HCL Solution 

1.     0.5N HCL solution contains 20.83 milliliterB  (24.78 grams)  of con- 
centrated  (12N) HCL solution In  500 ml  of solution. 

Weigh accurately 24.78 grams ± 0.2  concentrated HCL solution into  a 
50 ml  glass beaker. 

Transfer  to a 500 ml  flask with about half its volume  filled with 
deionlzed water.    Wash out beaker with deionized water and  transfer 
to  flaak.    Make up to mark with deionlzed water,   shaking to 
get a homogeneous mixture. 

CAUTION:    Never add water to acid. 

Procedure 

1. Sample size is based on percent amlne as shown in Table 1. 

2. Accurately weigh the specified size sample from Table 1, into a 250 ml 
Erlenmeyer flask and dilute to 100 ml with solvent mixture. Add 5 
drops of bromophenol blue indicator solution and titrate with 0.5N 
HCL solution until complete disappearance of the blue into a 
yellowish solution. 

3. CONTINUED ON PAGE 9 
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4.7.3 

4.7.4 

Calculate percent anilne. 

Percent Amlne - C ^>j|i^ 

Where:      M = MllllllterB HCL solution used 

N = Concentration of HCL solution (nomallty) 

Wt = Weight  of the  sample 

C = Constant which  is determined  by  functionality and 
molecular weight  of the amlne  or amines üi  the 
mixture. 

HOTEi     Different catalyete have different  conetante. 

TABLE 1.    SAMPLE SIZE AMINE DETERMINATION 

Percent Amlne Sample Weight, 
Grams 

Up to 5 10 t  1.0 
6 to 11 5 ± 0.5 

12 to 17 3 ± 0.5 
18 to 27 2 t  0.2 
28 to 55 1 t  0.1 
Above 55 0.5 ± 0.1 

0'    ThtBBOr (It RBflMtffCdJ - The nonvolatile content of the thinner shall be  deter- mlned In accordance with ASTM D268. »"«"«* anaj-j.  oe  aeter 

YtaogPtW - The viscosity of the primer mixed with catalyst and thinner (if sDeclfied 
by the msaufacturer)  shall be determined at 77 P ± 2 one hour after mixing «d 8  im£. after mixing, using a No.  2 Zahn cup. mixmg ana ö  lours 

ft< IM ; A «?• 1V»rt container shall be filled to approximately one 
SLTdSiS'^f^f:4^?!''J^S^SL!« •?^1?« in aooordynoe wll 

inoh of the 
p«ii«rt w^♦ii"i_♦^»h♦^■^~#7II7"*, r-^rmt.^m.Au* aprmji-ug in mcoorasnoe with 4.6.1,  and 
„SSiÜ^rf 5«« ^ iy flttl?8 0°ver-    **»• container shall be allowed to remain 
^5 "Sifb!d for 16 hour» i 1 vmder standard conditions.    Ths primer shall be examined 
^«?S5,ÄfÄ0e "S*1^ 8kinnln«. «elling, and seeding.    The agid mateSal may ^',Bln9d 

S5cm.dlS "'SV0 PerCent (by VOluffle) thlaner "d -»11 "• "^ rSuiSLSts as 

4*7'5 SÄF°K" "- "iS0^^ ffiiS1^«^ &r;ith 
Ä^Ä^aL^S^SW^ ^l\T^ ^n^tü-cyl^dÄl 
S Ä? ^ ^ length 0f tlBe requlM<1 t0 S" all UÄl^VsÄ'on'Ä 

4'7*6   SfeÜSf Vn^A^Vi?9,.8!?^ be det«™^«l in accordance with Federal Test Method 
wmTs.l^hiS'be'uSeS.4061, ""^ that ClM8 B p,uiele P«^ I« acLrd«oe ' 

fait-ao^bi.6 Ä ^^IÄ?m^Jrtrf^?ac^?.^ ^ ^ 
4'7*8   Sfffil j'fill11!"^^ 2ia?? 2 and Cla"8 H P«61»' PMpared and oured In accordance 

ii;.; ixSo^e7^! Siu^^ÄoS^'^Ms^ShT?^" ^ •yaiuation 
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4.7.9    laufet Reelatyice 

4.7.9.1    Impact Teater - The  impact tester compriaee a round-noae ateel  impact rod,  a 
vertical guide tube,  and a base plate.    A lift pin attached  to the  Impact rod 
extenda through a alot  In the guide tube.    A scale along the  Blot gives foot pounds 
of impact In steps of 2.     To accommodate panels of different thicknees,   the guide 
tube ia readily raised and lowered.    The Gardner Impact Tester shown  in Figure 1 
meets these requirements. 

P-.'.W" 

SPECIMEN 

FIGURE 1.     GARDNER IMPACT TESTER 

4.7.9.2 EsstSi! - Class S panels shall be prepared and cured in aooordanoe with 4.6.1 
and 4.^72 and shall be placed coated aide up in a horieontal position in the 
impact teater. The impact rod ahall be raiaed to 50 Inch pounde and releaaed. 
The uncoated aide of the panel shall then be placed up in e horizontal position 
and the teat repeated, raising the impact rod to 30 Inch pounds and released. 
Visually examine the primer film for cracks. Apply masking tape (3M Company 
No. 250; over the most highly stressed area on the coated slda of each impact 
spot, then remove the tape in one abrupt motion. Loss of adhesion Is evidenced 
by particles of the primer adhering to the tape. 
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4.7.10 CorroüLon Realatance 

4.7.10,1 Clnaa Ü, D, and H panels shall be primed and cured in acoordance with 4 
4.6.^.  After curing, the panels shall be ecribed through the primer an 
IroatBi-nt to the baae metal in 2 diagonal scribe marlta extending from 
corner and tasted in 5 percent salt npray in accordance with Federal T 
Standard Nu. 141, Method (;061, except that the panels shall be Inclined 
iingl'' nf approximately 6 degrees from the vortical.  Class H panelu aim 
exposed for SOO to 525 hours.  Class B and D panels shall be exposed fo 
1050 hnurj.  Panel evaluation after exposure shall Include adhesion in 
with 4.7.1«. 

U.\    und 
d  aurfmi' 
urner   in 
St  Metlr-il 
at  ;in 

n hi- 
r lUOO to 
ii'oordanoc 

.10,2 Prior lo testing, protect backs and edges of paneln with corrosion inhibiting 
primer and seal edges with high melting wax. 

V.U  i'luid Resistance - Claaaes of panels as Hated below shall be primed and cured In 
accordance with 4.6.1 and 4.6.2. After curing, the panels shall be tasted in 
accordance with Federal Test Method Standard No. 141, Method 6011, using the fluids 
and exposure times specified in 3.4.4.  Panel evaluation after exposure shall in- 
clude adhesion in accordance with 4.7.18. 

Fluid 

Distilled water 

MIL-H-5606 

MIL-L-7808 

Class of fanel Reoyired 

A, B, D, E, F, G, H 

B. H 

B, H 

4'7'12 Metal Anchorage - Class B panels, prepared and cured in accordance with 4.6.1 and 
4.6.2, shall be tested for anchorage by bending through 180 degrees over a conical 
mandrel in accordance with Federal Test Method Standard Ho. 141, Method 6222. 

4.7.15 Heat Resiptgpip^ - Class B panels shall be primed in acoordance with 4,6.1 and cured 
for 24 to 26 hours under standard conditions. After curing, the panels shall be 
placed in a mechanical convection oven and maintained at 350 F + 10 for 70 hours + 1. 
The panels shall be removed, cooled to standard conditions, and bpnt rapidly over's 
4 inch diameter mandrel which has been conditioned at the same temperature.  Panel 
evaluation after bending shall include adhesion in accordance with 4.7.18. 

4-7a4 Lew Temperature Reaiatpnce - Class B panels shall be primed and cured in accordance with 
1 'L^ 4-6-2-  After curing, tha panels shall be placed in a cold box maintained 
v 7/ w i  5, ?r 5 h0ur3-  Immediately after removal from the cold box, the panels 
shall be rapidly bent over a 4 inch diameter mandrel which has been conditioned at 
the same temperature.  Panel evaluation after bending shall include adhesion in 
accordance with 4.7.18, 

4.7.1 r> Compatibility With Sealapts 

4.7.1,j.l Class C panels shall be primed and cured in accordance with 4.6,1 and 4.6.2 and 
sealant applied in accordance with 4.6.3.  After curing, one panel for each sealant 
?V -i be°omPletely immersed for 7 days at 120 F i 2 in TT-S-73b, Type III test 
iluid.  The remaining panels shall be completely inuuersod in a 3 percent aqueous 
sodium chloride sc.lution which is covered with a layer of TT-S-735, Type III fluid 
for 7 days at 120 F + 2, ' >  ai- » 

4.7.15.0 Immersion shall be in screw cap jars and the Jars shall be sealed by placing a 
layer of alurairuus foil inside the lids. J f    a « 

4.7.15.3 After completion of the Immersion period, the jars shall be removed from the h.«t 
source and allowed to return to standard temperature prior to removal of speci- 
mens.  The test shall be completed within 20 hours after removal of the jars from 
the heat source, and within one hour after removal of the panels from the test 
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4.7.15.4 After immersion, 2 one inch wide strips shall be prepared through the cloth and 
sealant to the metal substrate lengthwise along the panel and continuing completely 
along the unimpregnated cloth. The loose end of each one inch wide strip in turn 
shall be clamped in one jaw of a suitable recording tensile testing machine and the 
adjacent end of the panel shall be fastened in the other Jaw as shown in Kigui-o ;>. 

a. Cut through the sealant under the cloth, so that an initial separation ul ihn 
sealant from the panel is promoted. 

b. The pull of the cloth shall be at an angle of 180 degrees and n Jaw ueimrriUnn 
rate of 2 inches per minute. 

CLOTH 

THIS STRIP IS TESTED TO DETERMINE 
THE AVERAGE COHESIVE OR MINIMUM 
ADHESIVE VALUE.  CUTS THKDUOH THE 
SEALANT TO THE METAL ARE NOT MADE 
UNLESS THE SEALANT IS PULLING 
LOOSE FROM THE CLOTH 

SEALANT 

THIS END CLAMPED IN 
THE UPPER JAW OF 
THE TEST MACHINE 

1/4 INCH MINIMUM 
(BOTH EDGES) 

CUTS ARE MADE AT APPROXIMATELY 
3/8 INCH INCREMENTS THROUGH 
THE SEALANT TO THE METAL TO 
CHECK ADHESION TO PANEL 

CUTTING TOOLS 

CLOTH 

AHGLE OF CUTS 

4.7.15.5 

THIS END CLAMPED 
IN LOWER JAW OP 
TEST MACHINE 

On one of the stripe on the panel, cuts in the sealant to the metal panel at the 
junction of separation shall be made at an angle of 45 dagrees towards the direction 
of separation at approximately 0.375 inch increments (approximately every 24 seconds) 
as shown in the diagram.  (No cuts are required for 100 percent adhesive failure.) 
On the other strip, except for the initial cut to promote separation, cuts shall be 
made only as necessary to prevent the cloth from peeling from the sealant. The 
percent cohesive failure calculated from the ratio of area of cohesive separation 
to total area of cohesive and adhesive separation from the metal on both sides of 
the panel shall be determined.  The cohesive strength shall be determined during 
cohesive tear failure. 

;. 
fca^feef H 

i ' L ** mu-iuig COPf 
■ 
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4.7.15.6 ^«^^JJ^atrongth shall be data rained. (V^uae recorded during cutting 

4.7.16 Svatem Comimtlhnl^ 

4.7.16.1 Claaa J, K, and L panela ahall be cleaned In aocordanoa with 4.5.2.3 «ad naked 
ao as to divide the panel in 3 equal aectlona. ■•■«•o 

4.7.16.2 The 2 outer aectlona ahall be primed with a recently aooapted batch of KAI-1269 

r^JccoAfwith^rea!: ^^^^ * -o^t- ^ pn-« «»^ be ^ns 
4.7.16.3 Cure 1 to 2 houra under standard oondltiona and apply a alngle wat coat of any 

military epeclflcatlon polyurethana or epozy topeSit or «j Aircraft BlTlalSS 
Polyurethane topcoat to a dry film thloknaaa of 1 to iTsliilB.     I,1T1,lon 

4.7.16.4 ^« th« *°Pcoated panele in accordance with 4.6.2 and ■ubjaot to the following 
teata. There ahall be no aeparation of the topcoat fro« the primed aurfaoa. 

a. Metal anchorage 

b. Impact resistance 

c. Adhesion 

d. Humidity (7 day exposure) 
4.7.17 

(4.7.12) 

(4.7.9) 

(4.7.18) 

(4.7.8) 

^g'^fffii11? o C1?;! B "*.* pa??lB 8h*u be Vffuti and cured In accordance with 
SefouSwlÄI'fiuldJ? ^  the Panel" 'h^1 K i«»«««* f« "8 houra t 2 in 

a. Distilled water at 75 F 1 5 

b. Distilled water at 140 F + 2 

c. TT-S-735, Type III fluid at 75 P ± 2 

d. TT-S-735, Type III fluid at 140 P ± 2 

After exposure, remove, wipe dry with clean dry ohaeaeoloth, than dry 4 houra in an 
alr-olrculating oven at 140 F ±  2. Abrade a aiall area with 400 «It ibraSva ahSSt 
IL??^?^«^ 9yl,8trfte-v. c]*<*  ^e panels with TT-T-266 lioquer Sinn« "d brSah 
apply colored chromate chemical treatment MIL-C-5541) to the expoaad aubatrate 
Apply a coat of test primer to the treated area In accordance with 4 6 1 Snd c»;« in 
accordance with 4.6.2. Replace panels in the aame teat awlwment for 168 hoS?! I , 
Remove panels and teat repaired krea In accordance with 477.18™ * 

4.7.18 M^S^^ose of adheelon as a result of other exposure taata shall be determined 

a. The panels shall be thoroughly dried by wiping with olean dry cheesecloth. 

b. The test shall be conducted at 75 F + 2. 

0. Cut 2 parallel scratchee one Inch apart, through the ooatlnc to th« ™«+.i «.. 
face, with a sharp blade knife or ecrlb;. AwS a atolS offon2 Inch wldt 
masking tape (3M Company No. 250 not more thS 6 monS. from dSte of Zaimfaotm.^ 
acroas the acratchea at 90 degrees to the panel area to be^eatad  ThTtfSS^Sai 

d. The tape shall be removed In one abrupt motion, perpandlcular to the panela. 

*• coSSu^e8Äe'.eVidenCed * COating rn0r* " *  »"^ Of th. film 
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A.7.19 Cure Test - The cure of the dried film in accordance with 4.6.2 ehall be teeted by 
saturating a 4 by 4 inch piece of cheeeecloth with TT-M-261 methyl ethyl Icetone 
(MEK), flooding the area to be tested with MEK, and using considerable preBeure, 
rubbing the test area 100 times counting only the strokes in one direction. 
Exposure of any metal constitutes a noncured film. 

H9TE1 1. Do not test any urea that has been previously wetted with MEK. 

2. Some pigment will always be found on the cheesecloth and dees not con- 
stitute film failure. 

4.7.20 T^vio^l pd CWin»! Properties - Control of physical and chemica^propertlesjrom 
to batch shall be ba 

4.7.21 

batch totatoh shall be based on qualification values unless ctherwlse specified. 
The ohpmlcal properties shall be determined by infrared spectropho+ometer analyeis. 

Quality Control  (Outs)de Contractors)  • 
omit quality control testing provided: 

Outside contractors using this coating may 

b. 

The outside contractor receives written evidence from the manufajturer that a 
representative sample of the batch, as defined in 4.4.1.1, has been teeted and 
approved by the Aircraft Division Quality Control Laboratory. 

For material purchased from the Aircraft Division, each container of the material 
has been stamped with an Aircraft Division Inspection stamp and le dated. 

4.7.22 RelnaDection - All materials shall be relnspected in accordance with 4.4 after one 
ye« from date of manufacture, unless all of the J**?h »las been ueed. If the 
Material pasaes relnspectlon test, the usable shelf life ahall be extended 6 months. 
Any materials falling relnspectlon tests or exceeding the extended shelf life shall 
be discarded. 

4.8 ftet1?ction 

4.8.1 Any material not conforming to the requirements of thle specification shall be 
rejected. 

4.8.2 Material rejected in accordance with 4.8.1 may be retested once. Per retest, the 
number of specimens shall be twice the number required by the applicable test method 
In 4.7. If any retest specimen fails to meet the requirement, the entire batch shall 
be rejected. 

4.8.3 No material shall be accepted for delivery that is older than 5 months from date of 
manufacture. 

4.9 BaEartfl - unless otherwise specified, the manufacturer ahall furnish with each shipment 
3 copies of a report of the results of tests for compliance to the requirements of 4.4 
of this specification. 
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5.     PREfARAyiON FOR Df^IVfiRy 

5.1    Baap Material -  Each container of base material shall  be durably,  coneplcuouoly, and 
legibly narked with  Ihr  following: 

a.    NAI-1269 primer  base component (yellow or green) 

NOTE;    When the manufacturer'a label Hate other apeclflcatlona is addition to 
NA1 Specifications,  the NAI designation shall be of the same size and type 
used  in listing the other specifications. 

b. Manufacturer's name and formula number 

c. Batch number 

d. Date of manufacture 

e. Purchase order number 

f. Quantity 

g. Caution note as follows: 

CAUTION: This base component must be mixed with catalyst (iaaert 
appropriate catalyst designation) and thinner (whan re- 
quired - insert appropriate thinner designation), in 
accordance with applicable Northrop Corporation, Aircraft 
Division Process Specification prior to use. 

TO 

5.2 Catklvat - Each container of catalyst shall be durably, consplcuouoly, and legibly 
marked with the following; 

a. NAI-1269 Catalyst 

NOTjS;    When the manufacturer's label liats other specif!cations in addition to 
NAI Sped fi cat lone,  the NAI designation shall be of the same else and type 
used in  listing tike other speclflcations. 

b. Manufacturer's name and formula number 

c. Batch number 

d. Date of manuff»n*ure 

Purchase order number 

Quanity 

Caution note as follows: 

TC 

CAUTION: This catalyst must be mixed with NAI-1269 base component in 
accordance with applicable Northrop Corporation, Aircraft 
Divlelon Process Specification prior to use. 
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5.3    Tt>ipp^r " Each container of thinner shall be durably,  conaplcuoualy,  and legibly 
marked with the following: 

a. NAI-1269 Thinner 

NOTE;    When the manufacturer's label lists other speclflcations  In addition  to 
NAI Specifications,   the NAI  designation shall be  of the  same  size and  type 
used in listing the other spedflcations. 

b. Manufacturer's name and formula number 

c. Batch number 

d. Date of manufacture 

e. Purchase order number 

f. Quantity 

5.4 JasMBlM -  Packaging shall be sucl as to assure safe delivery. Each container shall 
be durably and legibly marked with the following information: 

a. NAI-1269 Fluid Resistant Catalyzed Primer 

b. Date of manufacture 

c. Manufacturer's name 

d. Batch number 

e. Purchase order number 

f. Quantity 

g. The unit size as specified on the purchase order 

5.4.1 This material shall b? available as kits in any size up to 20 gallons composed of 
the base component plus the required amount of catalyst and thinner (if necessary) 
or as individual items in any size to 55 gallon drums. The size of a kit is 
designated by the size of the container of the base component. 

5.4.2 The kit size shall be specified on the purchase order. 

6. NOTES 

6.1 Information pertaining to this specification may be obtained from Materials Engineering 
(3495/^2), Aircraft Division. 

6.2« Suppliers may obtain information pertaining to, or additional copies of, this specifi- 
cation from Northrop Corporation, Aircraft Division, Materiel Department (6000/71), 
2031 E. Marlposa Ave., El Segundo, California 90245. 
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NORTHROP 
Northrop Corporation 

Aircraft Division 

QUALIFIED PRODUCTS LIST 

N0R-QPL-I269 

PATf   2 May 1972 

RELEASE EO  g^Hf 
CODE IDENT   NO   76823 

FLUID RESISTANT CATALYZED PRIMER 

(This revision supersedes NOR-QPL-1269, dated 5-28-71. 

PRODUCTS QUALIFIED UNDER SPECIFICATION NAI-1269 

Manufacturer' s 
Designation 

Brolite 
Fluid Resistant 
Catalyzed  Primer 

Base P-543-ii-t^ 

Converter T-1159-66 

Manufacturer's 
Name  and Addrest: 

Qualification 

Andrew  Brown Company 
Los Angeles,   California 

Nonvolatile 
Weight  per Gallon 

■V' .0 
9.3 

Cat-A-Lac 

Primer Base  465-0-5 

Catalyst X-30e. 

Method  1 
Nonvolatile 
Weight  per Gallon 

9.1 
7.2 

Code 
Numbe r 

Pinch Paint &  Chemical r.o. 
Torranee, California 

Nonvolatile 
Weight per Gallon 

47.9 
9.7 

Method  1 
Nonvolatile 
Weight  per Gallon 

5.5 
6.9 

Reducer TL-63 

Method  2 
Percent  Amine NV 11.30 
Constant   "G" 10.70 
Weight  per Gallon 6. 9 

Weight  per Gallon 7.15 

Cat-A-Lac 

Primer Base  463-6-12 
Rule  66 

Catalyst X-315 

Finch Paint & Chemical   Co. 
Torrance,   California 

Nonvolatile 
Weight  per Gallon 

Reducer TL-65 

Cat-A-Lac 

Primer  Base  463-6-11 
Rule  66 

Catalyst X-315 

Method 1 
Nonvolatile 
Weight  per Gallon 

47.9 
9.7 

5.5 
6.9 

Method   2 
Percent  Amine N-V 11.56 
Constant  "C" 10.50 
Weight  per Gallon 6.9 

Weight  per Gallon 7.15 

Finch Paint & Chemical  Co, 
Torrance,   California 

Reducer TL-65 

Nonvolatile 47.9 
Weight  per Gallon        9.7 

Method  1 
Nonvolatile 5.5 
Weight  per Gallon 6.9 

Method  2 
Percent Amine N-V 11.56 
Constant   "C" 10.50 
Weight  per Gallon 6.9 

Weight  per Gallon 7.15 

117 

Date 

-70 

12-7-64 

5-15-62 

4-19-68 

5-15-68 

4-19-68 

5-15-68 
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NORTHROP 
Northrop Corporation 

Aircraft Division 

NOR-QPli-1269 

DATE 2 May 1972 

NOTE; 

PRODUCTS  QUALIFIED UNDER SPECIFICATION NAI-1269   (CONTINUED) 

Manufacturer's 
Designation 

Manufacturer's 
Name and Address 

Qualification 

Code 
Number Date 

FR Epoxy Primer 
LXP-5R-3 

Base 

Catalyst 

Reducer IS  108B 

Deft,   Inc., 
Torrance,   California 

3 6-23-67 
Nonvolatile                 43.5 
Weight per Gallon      9.1 

Nonvolatile                   4.2 
Weight per  Gallon      7.1 

Weight per Gallon      7.66 3 5-15-68 

FR Epoxy Primer 
LXP-16A  (Aerosol) 

Base 

Catalyst 

Deft,   Inc., 
Torrance,   California 

3 
5-4-70 

See 
Note 1 

Nonvolatile                 59.4 
Weight per Gallon    10.1 

Nonvolatile                   1.0 
Weight per Gallon      7.0 

Fluid Resistant 
Catalyzed Primer 

Base 162-Y-47 

Catalyst  7b-X-35 

Fuller-O'Brien Corp., 
S.   San Francisco, 
California 

2 1-5-70 
Nonvolatile                 59.0 
Weight per Gallon    10.7 

Nonvolatile                   4.9 
Weight per.Gallon      6.9 

3 4-19-68 

Super Koropon 

Primer Base   513-700 

Catalyst  910-707 

DeSoto Chemical 
Coatings,   Inc., 
Berkeley,   California 

Nonvolatile                 61.9 
Weight per Galion    10.2 

Method 1 
Nonvolatile                   5.8 
Weight per Gallon      7.0 

Method 2 
Percent Amine N-V      6.0 
Constant   "C"               10.2 
Weight per Gallon      7.0 

Super Koropon 

Primer Base  515-003 

Catalyst 910-012 

DeSoto Chemical 
Coatings,   Inc., 
Berkeley,  California 

4 4-11-62 
Nonvolatile                 62.0 
Weight per Gallon    10.9 

Method 1 
Nonvolatile                   3.6 
Weight per Gallon      6.9 

Method 2 
Percent Amine N-V      5.8 
Constant  "C"               10.2 
Weight per Gallon      6.9 

Supplier shall  supply production samples as specified  in paragraph 4.4.1 for 
approval by Airoruft Division Quality Control prior to aerosol, packaging. 
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NORTHROP 
Northrop Corporation 

Aircraft Division 

MATERIAL  SPECIFICATION 

NAI-1330 
1 October   1975 DATE 

RELEASE EO ™n9i* 
CODE  IOENT   NO   76B23 

REVISION 

TITLE ELECTRODEPOSITED CORROSION  INHIBITING,   FLUID RESISTANT  PRIMER 

(This  revision supersedes Material  Specification NAI-1330,   dated 29  July   1969.     Changes   in  this 
revision are  not  identified.) 

1. SCOPE 

1   1    This   specification establishes   the  requirements  for an electrodeposited,   corrosion  inhibit- 
ing,   fluid resistant  primer  to  be used alone  or  in conjunction with  a  topcoat. 

1   2    The  primer    as  controlled by   this  specification,   is   intended  for   interior or exterior use 
on  aerospace vehicles.     It  shall  be  used as  a corrosion  inhibiting  coating or  as  a  corrosion 
inhibiting undercoat   for  lacquers,   enamels,   epoxies,   or polyurethane  topcoats 

1 3 Primers meeting the requirements of this specification meet the requirements of the Los 
Angeles County Air Pollution Control District, Rule 66, for materials to be used within 
Los  Angeles  County,   California. 

2. APPLICABLE DOCUMEOTS 

2.1 The   following publications  of   the  issue   in effect  on  the  date  of  invitation  for  bids or 
request  for proposal   form a part of  this   specification  to  the  extent   specified herein. 

2.2    Government 

2.2.1     Specifications 

2.2.1.1 O-A-51 

2.2.1.2 qQ-A-250/4 

2.2.1.3 QQ-A-230/5 

2.2.1.4 QQ-A-250/12 

2.2.1.5 Qq-M-44 

2.2.1.6 rr-L-32 

2.2.1.7 TT-M-261 

2.2.1.8 TT-N-95 

2.2.1.9 TT-S-735 

2.2.1.10 TT-T-266 

2.2.1.11 CCC-C-419 

2.2.1.12 M1L-C-5541 

2.2.1.13 MIL-H-5606 

2.2.1.14 MIL-V-5624 

2.2.1.15 M1L-L-7808 

2.2.1.16 MIL-S-8802 

Acetone,   Technical 

Aluminum Alloy  2024,   Plate  and  Sheet 

Aluminum Alloy Alclad 2024,   Plate  and Sheet 

Aluminum Alloy  7075,   Plate  and  Sheet 

Magnesium Alloy Plate and Sheet   (AZ311S) 

Lacquer,   Cellulose-Nitrate,   Gloss,   For Aircraft  Use 

Methyl Ethyl Ketone,  Technical 

Naptha,   Aliphatic 

Standard Test  Fluids;   Hydrocarbon 

Thinner,   Lacquer 

Cloth,   Duck Cotton,   Unbleached,   Plied Yarns  Army and 
Numbered 

Chemical  Conversion Coatings  on Aluminum and 
Aluminum Alloys 

Hydraulic  Fluid,   Petroleum Base;   Aircraft  Missile, 
and Ordnance 

Turbine  Fuel,   Aviation,   Grades   JP-4 and JP-5. 

Lubricating Oil,   Aircraft Turbine  Engine,   Synthetic 
Base 

Sealing Compound,   Temperature-Resistant,   Integral  Fuel 
Tanks  and Fuel  Cell  Cavities,   High Adhesion 
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2.2.1.17 MtL-C-22750 

2.2.1.18 M1I.-C-22751 

2.2.1.19 MIL-l,-23377 

2.2.1.20 M1L-L-23699 

2.2.1.21 MIL-C-81706 

NORTHROP 
Northrop Corporation 

AlrcraW Plvlrion 

Coating, Epoxy Polyamide 

MATERIAL SPECIFICATION:  NA1-1330 
Revision A 

DATE. 
1 October l^TS 

2.1.22 

2.123 

HIL-S-81733 

MIL-S-83315 

2.2. Standards 

2.2.2.1 Federal Test Method 
Standard No. 141 

2.2.2.2 Federal Standard No. 595 

2.3 Aircraft Division 

2,3 1 C-30 

2.3.2 FP-80 

2.3.3 NAl-12by 

2.3.4 NAI-1278 

2.3.5 NAI-1290 

Coating Systems, Epoxy-Polyamide, Chemical and Solvent 
Resisting Process for Application of 

Primer Coating, Epoxy-Polyamide, Chemical and Solvent 

Resistant 

Lubricating Oil,   Aircraft Turbine  Engines,   Synthetic 
Base 

Chemical Conversion Materials for Coating Aluminum 

and Aluminum Alloys 

Sealing and Coating Compound, Corrosion Inhibited 

Sealing Compound, Aluminum Structure, Pressure and 
Weather Sealing, Low Density 

Paints, Varnish, Lacquer, and ^"^ Materials i 
Methods of Inspection, Sampling and Testing 

Colors 

Cleaning After Forming-Magnesium 

Application of  Fluid Resistant  Epoxy Primer 

Fluid Resistant Catalyzed Primer 

Coating,   Gloss  Polyurethane  Topcoat,   for Aircraft  Use 

Coating,   Camouflage  Polyurethane   Topcoat,   for 
Aircraft  Use 

requ 
l-s
r AH materials furnished by ^^"^tof quality control tests 

Lrements listed herein, regardless of the extent oi M 1 (1:41-1 L L >- m«-L.-"  - fan 

^22     Materials   submitted  for  qualification  shall  be  -fmpa^ied  by.^te^^repor^  rom.^ 
Aircraft   Division approved  laboratory^   Jhe  "P°"  ff?catU.   and  shall  list  by 
facuory  compliance  to  the   Tecluir^e

r
n"nf s'eci f ication number,   the  compatible  top- 

To^^dTe  lan-'     ^Us  Vf^urrena    lltl'lrlLrs    topcoats,   and sealants may 
he  obtained  from Aircraft  Division Materials Engineering. 

3  1,3    Product  qualification  is  granted only by Aircraft Division Materials Engineering. 

^.2.4    -change  in  the qualitative  values  of  the  tan^^^^ 

3.     kgquiREMENTS 

3   1    2H?_iili£Sii2Si 
3.1,1     The   primer  supplied  to   this   specification  shall be water  reducible. 

3   1   2    Qualification Prior  to Production ^ 
,12.1    This   specification requires   products  qualification prior  to.acce^tan^ 

orders       All materials   furnished by * suppUer  to tni^ PuaUt     control  tests. 

ca- 
No  change  in  the qualitative  values  of  ^"^^torwUhout notification  and 
manufacture  shall be made   subsequent  to  ^"^^^^Is  Engineering.     Requallfi 
ll^offll^ T^LllT^ltlll^rJ^ Knufactule  shall be required. 

3.1.2.3    The   feed or make-up  formula   (-terial)  may vary as  designated by^ 
so  as  to maintain  the operating  tank   (bath)  within cne rai 6       y 
applicable process  specification. 

t-j ►  oKsiii  VIP  from the  same manufacturing 
3   12  6    After   qualification,   all   subsequent  shipment  shall be  trom en although 
Jl plant  'that  submitted  the  approval qualification sampl^    ^ny otner p ^^ t 

from  the  same company,   shall  be  approved before material snipF 
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MATERIAL SPECIFICATION:     NAI-1330 
Revision A 

DATE. 1  October  1975 

3.2 Materials 

3.2.1  Vehicle - The vehicle used in the formulation of this primer shall be heat curable at a 
temperature of 275 F + 5 (135 C + 3) when tested in accordance with 4.6.3. 

3-2.2 Application - The material covered by this specification is to be mixed with water as 
specified by the manufacturer to produce a suitable viscosity for application by electro- 
deposition. 

32.3 Appearance - The material shall be free of skins, lumps, grit, and all foreign contamin- 
ants and shall be easily mixed to a smooth homogeneous condition as received and after 
one year of inside storage at 50 F (10 C) or below. 

3.2.4 Odor - The odor of the primer shall not cause discomfort to operator applying the 
materials. 

3.2.5 Toxicity - Materials meeting the requirements of this specification shall have no ad- 
verse effect on the health of personnel during use or curing when used for the intended 
purpose. 

3.3 Physical Properties 

3.3.1 Weight Per Gallon 

3.3.1.1 The weight per gallon of the basic tank charge and the makeup material shall not vary 
by more than +0.2 pound per gallon when tested in accordance with 4.7.1.  The estab- 
lished value 7or the basic tank charge material shall be 9.5 to 10.5 pounds per gallon. 
The weight per gallon of the feed or makeup formul* (material) may vary as designated 
by the manufacturer so as to maintain the operating tank (bath) within the range 
specified in the applicable process specification. 

3.3.1.2 The actual values established during qualification shall be listed on the Qualified 
Products List for the basic tank charge material. 

3.3.2 Nonvolatile Content 

3.3.2.1 The nonvolatile content of the primer shall not vary from the established percentage 
by more than + 2 percent. 

3.3.2.2 The actual values established during qualification of each material shall be listed 
on the Qualified Products List. 

3.3.3 Viscosity 

3.3.3.1 The as received viscosity of the basic tank charge shall be 100 to 500 Krebs Units (KU's) 
when tested in accordance with 4.7.4. 

3.3.3.2 The as received viscosity of the feed or makeup formula (material) may vary as 
designated by the manufacturer so as to maintain the operating tank (bath) 
within the range specified in the applicable process specification. 

3.3.4 Tank Life 

3.3.4.2 

3.3.4.1  There shall be no evidence of skinning, gelling, or seeding of the primer in the 
operating tank after the bank has been allowed to stand unagitated at room temperature 
for up to 72 hours when the primer is applied in accordance with 4.6.2.  If necessary, 
the tank may be purged by ultrafiltration and the solid restored to the solids range 
established on qualification by the addition of not more than 20 percent (by volume) 
of new material.  The restored material shall meet the established solids requirements. 
Tanks shall have a minimum workinp life of one year with at least two turnovers of 
feed or makeup material per year. 

When applied In accordance with 3.3.4.1. the resulting coating shall have satisfactory 
surface appearance and shall meet the following requirements of this specification. 

a. Surface appearance - 3.2.3 

b. Cure time - 3.3.6 

c. Cure temperature - 3.3.6 

d. Color - 3.3.7 

e. Humidity - 3.4.1 

f. Fluid immersion; 
1. MIL-L-7808 jet engine oil - 
2. Distilled water - 3.4.4.1a 

p.  Metal anchorage - 3.4.5 

3.4.4.1c 
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J.3.3 Settling - The solida content of the ready-to-use tank shall be completely redlspersed 
and suitable for application upon shaking after having been permitted to stand un- 
disturbed for 72 hours when tested in accordance with 4.7.3. 

3.3.6 Cure Time - The applied coating shall be fully cured after bakine 35 to 45 minutes at 
a temperature of 275 F + 5 (135 C + 3) when tested in accorHance with A.7.5. 

3.3.7 Color - The color of the primer shall be yellow-green, approximating Federal Standard 
No. 595, Color 14533, characteristic of tb« pigments used. 

^•^  Film Properties 

3■'!,■1 Humidity Resistance - The primer shall show no blistering, loss of adhesion, or removal 

-mVi'V^a^ ^luids listed in 3-^-l. after 3000 hours in condensing humidity at 
t^U f + 2 (49 C + 1) when tested in accordance with 4.7.7 

3.4.2  Impact Resistance - The primer shall not crack or lose adhesion on either surface when 
subjected to an impact of 80 inch pounds and tested in accordance with 4.7.10. 

^^■3 Corrosion Resistance - The applied primer shall protect the coated substrate from corrosion 

^^/"TJT"11 Sf 2500 hours when exPosed to 5 percent salt spray and tested in accordance 
fall        Corrosion within 0.125 inch of the scribe mark shall not be considered 

3.4.4  Fluid Resistance 

3.4.4.1  Room Temperature - The applied priner shall withstand immersion in the following fluids 
at room temperature 75 F + 5 (23 C + 3) for the time 3pecified without blistering, 
loss of adhesion, softening, or other film failures when tested in accordance with 
■4.7,13.1.  Blistering which is obviously caused by contamination, such as fingerprints 
or marring of the uncured primer, shall not be cause for rejection. 

Distilled water 

HIL-H-5606 fluid 

M1L-L-7808 jet engine oil 

MIL-L-23699 oil 

MIL-V-5624 JP-5 jet fuel 

Skydrol 500 

150 days 

150 days 

150 days 

150 days 

150 days 

150 days 

3.4.4.2  Elevated Temperature - The applied primer shall withstand immersion in the following 
tluids at 250 F + 5 (121 C + 3) for the time specified without blistering, loss of 
adhesion, softening, or other film failures when tested in accordance with 4.7.13.2. 
Blistering which is obviously caused by contamination, such as fingerprints or marring 
of the uncured primer, shall not be cause for rejection. 

a. M1L-L-7808 jet engine oil 

b. MIL-L-23699 oil 

24 hours at 250 F (121 C) 

24 hours at 250 F (121 C) 

3.4.5  Metal Anchorage^- The applied primer shall show satisfactory adhesion to chemically 
treated metal with no flaking and no cracking when tested on a conical mandrel in 
accordance with 4.7.9 

3.4.7 Low Temperature Resistance - The applied primer shall have low temperature resistance 
,,L * ► J I ' and shall show no loss of adhesion or other evidence of film failure 
when tested in accordance with 4.7.14. 

3.4.8 Sealant   Compatibility 

3.4.8   1     The   applied primer  shall  be  compatible  with  MIL-S-8802,   MIL-S-83315,   and M1L-S-81733 
.scaling  compound. 
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3.4.8.2     When   tested   for  compatibility with  sealants,   the  peel   strength of   the  sealant   shall 
average at  least  20 pounds per  inch peel  with no  value   lower than  15 pounds   for any 
one   specimen.     The  separation shall  be  a minimum of  95 percent   in  cohesion  of   the 
sealant,   disregarding  areas  of  sealant   to  cloth   failures,   when  tested   in  accordance 
with  4.7.16. 

3.4.9    Fin ish  System Compat'.bility 
patible with NXT-1Z69 epc 

The applied  primer  from any  qualified supplier   shall   be 
compatible witn  NAJ-l/by  epoxy primer,   NAI-1278  gloss   po b'ure thane,   and  NAI-1290  camou- 
flage   polyurethanr,   topcoat of any qualified  supplier  and all   government  specification 
topcoats   specified by  the  contracting officer when  applied as  part of  a  finish   system 
and   tested  'n  arcordance with 4.7.17. 

The  applied primer  shall   be   repairable  and  show no   loss  of  adhesion  or 
jf  film  failure when i 

and   tested  in  accordance with  4.7.15. 

3.4.10    Repairability 
other  evidence  of  film  failure when repaired with NA1-1269 or MIL-P-23377  epoxy  primer 

3.5    Chemical   Properties   -  The  chemical properties  of each  approved primer  shall  be  within  the 
range   shown  on  the   infrared curve  for each   primer on  the Qualified Products   List 

4.     QUALITY  ASSURANCE  PROVISIONS 

4.1 Responsibility  for   Inspection 

4.1.1 Unless  otherwise   specified in  the contract  or  purchase order,   the manufacturer  of   the 
material   shall  be   responsible  for  the  performance  of  all   inspection  requirements   as 
specified herein.     Except  as otherwise  specified  in   the contract or  purchase  order, 
the  manufacturer may use  his own  facilities   or any  commercial  laboratory acceptable 
to   the  Aircraft  Division.     The Aircraft   Division  reserves   the  right   to perform  any or 
all  of   the   inspections   set   forth herein  where   such   inspections  are  deemed  necessary  to 
assure   that  the  material  conforms  to  the  prescribed  requirements. 

4.1.2 Inspection  records   shall  be kept  complete   and available  to  the Aircraft  Division  in accor- 
dance with contract  or purchase order.     These  records  shall  contain all  data  necessary  to 
determine  compliance with  the requirements   of  this  specification 

4.2 Classification of   Inspection  -   Inspection   requirements   are  classified  as   follows: 

a. Qualification 

b. Quality Conformance 

4. 3    Quallrication 

4.3.1 Qualification  shall  require  ten gallons  of   tank charge material packaged  in  one  gallon 
cans,   accompanied by  the manufacturer's   reconmended mixing  instructions,   and  by  a   test 
report   from an Aircraft  Division approved   laboratory.     The  report  shall provide  evidence 
of   satisfactory  compliance  to all   the   requirements   of   this   specification,   and   shall   list 
by  manufacturer's  name,   formula number,   and   specification  number,   the  compatible  primers, 
topcoats,   and  sealants. 

4.3.2 Qualification shall be based on submittal of a test report in accordance with 4.3.1 and 
Aircraft Division conducted tests. Aircraft Division conducted tests shall include any 
tests   considered  necessary  to assure  equivalency   to   previously qualified  products. 
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DATE. 
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4.A    Qualify  Conformance   -   The  following quality  conformance   tests  shall be performed   for 
acceptance  of production materials.     Each production batch shall  be  tested using  a  previously 
accepted  batch of primer  as  control.     The  actual  values   for nonvolatile,  weight  per  gallon, 
viscosity,   settling,   cure  time,   cure  temperature,   and  impact resistance  shall  be   reported. 

Apptarance  properties 

Nonvolatile 

Weight   per  gallon 

Viscosity 

Color 

Cure   time 

Cure   temperature 

Impact   resistance 

Humidity     (14  day  exposure) 

Sealant   compatibility 

a.  MIL-S-8802 
'j.  MIL-S-81733 
c.  MIL-S-83315 

Metal anchorage 

Fluid resistance (14 day exposure) 

M1L-L-7808 
Skydrol 500 
Distilled water 

3.2.3 

4.7.2 

4.7.1 

4.7.4 

4.7.6 

4.6.3 

4.6.3 

4.7.10 

4.7.7 

4.7.16 
4.7.16 
4.7.16 

4.7.9 

4.7.13 
4.7.13.1 
4.7.13 

4,4,1     Samp 1Ing 

4.4.1.1 Unless   otherwise   specified,   not   less   than   two  gallons  of  primer  shall  be   drawn  at 
randoni  from each  production batch  and  subjected  to   the   tests   specified  in  4.4. 

4.4.1.2 Batch   -  A  batch   shall  consist  of all  material  of one  manufacturing control   number  and 
presented   for  inspection  at  one   time. 

4   5     Tes t_ Conditions 

4.5.1 Standard  Conditions   -   Standard conditions   shall  be  a   temperature of   77  F +  2   (25  C +  1) 
and  a  relative humidity of  50 percent +  5.     All  tests   shall be  conducted at  standard 
conditions  unless   otherwise  specified.- 

4.5.2 Tost   Panels 

4   5.2.1     All   tests   shall   require  4  specimens  of  each  class   for  each   test  condition  unless  other- 
wise   specified. 

4,5.2.2 Description  of  Test.   Panels   -  Test  panels   shall be   identified by  the   following  class 
Designat ions.      Unless  otherwise  specified,   test  panels   shall  be  approximately 
0,032   hy  4  by  6   inches. 

a.     Class A  -  Alclad  2024-T3 aluminum alloy   (QQ-A-250/5)  with  immersion chemical 
treatment  in  accordance with MIL-C-5541/MIL-C-81706. 

b-     ^"ss  B  -   Bare   2024-T3 aluminum alloy   (QQ-A-250/4)   with  immersion  chemical 
treatment   in  accordance with MIL-C-5541/MIL-C-81706. 

c.      Class   C  -   Bare   7075-T6 aluminum alloy   (QQ-A-250/12)  with  immersion chemical 
treatment   in   accordance with MIL-C-5541. 

d       Class  D  -   Bare   7075-0 aluminum alloy   (QQ-A-250/12)  with  immersion chemical   treat- 
ment   in  accordance  with MIL-C-5541. 

e.      Class  E  -   AZ31A magnesium alloy   (QQ-M-A4)  without  surface   treatment. 
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4.5.2.3 CleanlnK and Preparation of Test Panels 

a.  Aluminum Alloys - Aluminum alloy test panels shall be cleaned and processed in 
accordance with MIL-C-5541. 

b  Magnesium Alloys - Magnesium alloy test panels shall be cleaned in accordance 
with Process Specification C-30, Method 1 prior to coating. 

c.  After cleaning, panels which appear to be of questionable quality for any reason 
shall be discarded. 

u 5 2 4 Handling of Cleaned Panels - Cleaned and surface treated panels shall be handled only 
with clean white cotton gloves, and if not immediately used, wrapped in clean chemically 
neutral paper.  Panels shall be used within 48 hours after cleaning or surface treat- 
ment.  Panels not used within 48 hours shall bp recleaneH. 

4.6 Preparation of Test Specimens 

4 6 1 Mixing of Primer - Primer shall be prepared for application by nixing and thinning as 
specified by the manufacturer.  After mixing, allow the primer to stabilize as specified 
by the manufacturer before using. 

4.6.2 Application of Primer 

4.6.2.1 Cleaned or clean surface treated panels shall be thoroughly wet with deionized water 
when immersed in the primer. 

4.6.2.2 Apply primer by electrodeposition to a uniform dry film thickness of 0.2 to 0.3 mil. 

NOTE;  Tank shall have been under agitation at least 4 hours before primer application. 

4.6.3 Curing of Primer - Unless otherwise specified, all test panels shall be cured in a constant 
temperature oven at 275 F + 5 (135 C + 3) for 35 to 45 minutes prior to evaluation.  The 
cured coating shall be tested in accordance with 4.7.S on '. ppriels of pr>" class. 

4.6.4 Application of Sealants 

4.6.4.1 

4,6.4.2 

Three sets of Class B panels shall be primed in accordance with 4.6.2 and cured in 
accordance with 4,6.3.  The primed panels shall be cleaned by thoroughly scrubbing with 
clean cheesecloth wet with naptha TT-N-95.  Panels shall be wiped ory using clean dry 
cheesecloth.  Handle cleaned panels as specified in 4.5.2.4. 

Coat one set of panels with a continuous layer of properly mixed and qualified 
MIL-S-8802 sealant, one set with MIL-S-81733, and the other with MIL-S-83315 s 
approximately 0.125 inch + 0.015 thick on 5 inches of each panel. 

ealant 

4 6 4 3 A 3 by 13 inch strip of cotton duck or cotton drill or a 1 by 12 inch monel screen 
(cloth or screen with 80 pounds per inch minimum breaking strength) shall be impreg- 
nated with the same sealant that is on the panel to which the strip will be applied 
so that approximately 5 inches on one end is completely covered on both sides.  Work 
sealant well into the cloth or screen. 

4 6 4.4 The sealant-impregnated end of the cloth or rcreen shall be placed on the panel, leaving 
a loose, unimpregnated end, approximately 7 inches in length.  Smooth the cloth or 
screen down on the layer of sealant, taking care not to trap air under the cloth  An 
additional 0.125 inch coating of the same sealing material shall be applied over the 
impregnated cloth. 

4.6 4.5 Curing of Sealants - Unless otherwise specified, all sealant coated test panels shall 
be permitted to cure for 168 hours + 4 under standard conditions prior to evaluation. 

4.7 Test Methods 

4 7 1 Weight Per Gallon - The weight per gallon shall be determined in accordance with Federal 
test Method Standard No. 141, Method 4184. 

4.7.2 Nonvolatile - The nonvolatile content of the primer shall He Hpter™lned In accordance 
with Federal Test Method Standard No. 141, Method 4041. 
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4.7.3 Settling - The settling test shall be conducted in a 100 milliliter (ml) glass- 
stoppered graduated cylinder.  The cylinder shall be filled to the 70 ml mark with 
freshly mixed primer prepared in accordance with 4,6,1.  The filled cylinder shall be 
allowed to settle for 16, 40, and 72 hours, each period shall be + 1 hour.   At the 
conclusion of each period, the cylinder shall be shaken and the length of time required 
to place all pigment in suspension shall be noted, 

4.7.4 Viscosity - The viscosity of the primer shall be determined in accordance with Federal 
Test^Rethod Standard No. 141, Method 4281, 

4 7, r)  Cure Test - The cure of the dried film in accordance with 4.6.3 shall be tested by 
saturating a 4 by 4 inch piece of cheesecloth with TT-M-261 methyl ethyl ketone (MEK), 
flooding the area to be tested with MEK, and using considerable pressure, rubbing the 
test area 100 times counting only the strokes in one direction.  Exposure of any metal 
constitutes a noncured film. 

NOTES:  1.  Do not test any area that has been previously wetted with MEK, 

2,  Some pigment will always be found on the cheesecloth and does not 
constitute film failure, 

4.7,6  Color - One set of Class B panels shall be primed in accordance with 4.6.2 and cured in 
accordance with 4.6,3.  After curing, comparison shall be made with a panel from the 
last acceptable batch of NAI-1330 primer from the same manufacturer. 

Huniidity Resistance - Class A, Class C, and Class D panels, prepared and cured in 
accordance with 4.6,2 and 4.6.3, shall be suspended in a humidity cabinet in accordance 
with Federal Test Method Standard No. 141, Method 6201.  The cabinet shall operate at 
120 F 4 2 (49 C + 1) with condensing humidity conditions.  Class A and C panels shall be 
exposed for 3000 hour.s + bO.     Class D panels shaT be exposed for 1000 hours + 25.  Panel 
evaluation after exposure shall include adhesion in accordance with 4.7.8. 

4.7.7 

Adhesion - Loss of adhesion as 
follows: 

■•esult of othfer exposure tests shal] be deterroined as 

a. The panels shall be thoroughly dried by wiping with clean dry cheesecloth. 

b. The test shall be conducted at 75 F + 2 (23 C + 1). 

c. Cut 2 parallel scratches one inch apart, through the coating to the metal surface, 
with a sharp blade knife or scribe.  Apply a strip of one inch wide masking tape 
(3M Company No. 250 not more than 6 months from date of manufacture) across the 
scratches at 90 degrees to the panel area to be tested.  The tape shall be pressed 
down using 2 pisses of a 4,5 pound rubber covered roller approximately 3,5 inches in 
diameter by 1.75 inches in width.  The durometer hardness of the roller surface shall 
be 70 to 80 on a "D" model. 

d. The tape shall be removed in one abrupt motion, perpendicular to the panels. 

e   Loss of adhesion as evidenced by coating removal or by cracking of the film consti- 
tutes failure. 

4.7.9 Metal Anchorage - Any class of panels shall be prepared and cured in accordance with 
^■~5~ 2 and 4.6.3.  After aging at room temperature a minimum of 16 hours, the anchorage 
of the coating shall be determined by bending the panel through 180 degrees over a 
conical mandrel in accordance with Federal Test Method Standard No. 141, Method 6222. 

4.7.10 Impact Resistance 

4.7,10.1  Impact Tester - The impact tester comprises a round-nose steel impact rod, a vertical 
f'uide-tube, and a base plate.  A lift pin attached to the impact rod extends through 
a slot in the guide tube.  A scale along the slot gives foot pounds of impact in steps 
of 2.  To accommodate panels of different thickness, the guide tube is readily raised 
and lowered.  The Gardner Impact Tester shown in Figure 1 meets these requirements. 
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Revision A 
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- t 

SPECIMEN 

4.7.10.2 

FIGURE 1.  GARDNER IMPACT TESTER 

Procedure - Class D panels shall be prepared and cured in accordance with A.6.2 and 
A.6.3 and shall be placed in a horizontal position in the impact tester.  The impact 
rod shall be raised to 80 inch-pounds and released.  The panel shall be removed from 
the tester and turned so that the impacted side is facing down and reinserted in the 
tester.  Vhe impact rod shall again be raised to 80 inch-pounds and released. 
Visually examine the primer for cracks.  Apply masking tape (3M Company No. 250) 
over the most highly stressed area of each impact spot using maximum thumb pressure 
Remove tape in one abrupt motion.  Loss of adhesion is evidenced by particles of 
the primer adhering to the tape. 

4.7.11 Corrosion Resistance 
with 4.6.2 and 

4.7.12 

4.7.12.1 

.^   Class A, C, and E panels shall be primed and cured in accordance 
4.6.3.  After curing, the panels shall be scribed through the primer and 

surface treatment to the base metal in 2 diagonal scribe marks extending from corner 
to corner and tested in 5 percent salt spray in accordance with Federal Test Method 
Standard No. 141, Method 6061,  xcept that the panels shall be inclined at an angle 
of approximately 6 degrees from vertical.  ClasS. A and C panels shall be exposed for 
5000 to 5500 hours.  Class E panels shall be exposed for 2000 to 2500 hours.  Panel 
evaluation after exposure shall include adhesion in accordance with 4.7.8. 

Heat Resistance 

Long Term Exposure - One set of each class of panels shall be primed and cured in 
accordance with 4.6.2 and 4.6.3.  After curing, the panels shall be placed in a 
mechanical convection oven and maintained at 300 F + 5 (149 C + 3) for a minimum of 
3500 hours.  The panels shall be removed, cooled to standard conditions, and bent 
rapidly over a 4 inch diameter mandrel which has been conditioned at standard 
temperature.  Panel evaluation after bending shall include adhesion in accordance 
with 4.7.8. 
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MATERIAL  SPECIFICATION:     NA1-U30 
Revision  A 

NORTHROP 
Northrop Corporation 

Aircratt Division 
DATE. 

1 October  1975 

A.7.12.2 
Short T.rm Exposure - One set of each class of P-J-^U^^pri^and cured In 
accordance with h.k.2  and 4.6 3. .^er curing rne P 3 for 70 hours ± ! 
mechanical convection oven and ^f^^^Laittons. anH bent rapidly over 
The panels shall be removed, cooled to s""^^ ^""^  ständard temperature.  " 
a 4 inch diameter mandrel which has been conditioned at stana ^^ j^  ^ 
evaluation 

Panel 

l^^b^ndinrshall-inctudrädhes^n In accordance with  4./ 

4.7.13  Fluid Resistance 

4.7.13.1 

4.7.13.2 

4.7.1^ 

A  r  and E oanels shall be primed and cured in accordance 

in accordance with 4.7.8. 

accordance with A .^72 and 4.6^3  «""n^^ No  141  Method 6011, using the fluids 
accordance with Federal Test Method ff^^^'^}^^ after exposure shall in- 
and exposure tunes specified in J-4-4.^.  ranei 
elude adhesion in accordance with 4./.a. 

„  ■        n^c« n nanels shall be primed and cured in accordance Low Temperature Resistance - Class D P*"6^J^ii D  
l temperature 

with h.1.2  and 4.b 3.  After ^""S'^he panels shall be ag    and maintained at 
for 16 hours + 2 after which they !h^p^ P^^^r removal from the cold box, the 
-70 F + 5 (-57 C + 3) for 5 hours.  Immediately ainer reniu^ u.   u  hao Koon pnn.ütion 75 F + 5 (-57 C t 3) for 5 hours   ^-^aLtLndre  which his been conditioned 
panels shall be rapidly bent over a 2 inch ^ameter m include adhesion in 

bc^dancrw^rrfs^nd ^mUarr\h^Ueör^ac.cing or both visible with 
10X magnification. 

168 hours + 2 in the following fluids. 

a. Distilled water at 75 F + 5 (23 C + 3) 

b. Distilled water at 140 F + 2 (60 C + 1) 

c. TT-S-735, Type III fluid at 75 F ^ 2 (23 C + 1) 

d  TT-S-735, Type III fluid at 140 F + 2 (60 C + 1) 

apply colored chroraate chemical treatment (MIL-C "4U CO cne expo e    accordance with 
a coat of NAI-1269 epcxy primer to the test area of °^^e^ P^mer to the test area 
Process Specification FP-80.  Apply a coat of ^-P-23377 eP°^ P^^red    ls at 
of the other set of panels in accf

0^ance with MIL-C-22751^ Cure repa^ V^  ^^ 
room temperature for a minimum of 168 hours and then repia accordance with 
ment for 168 hours + 2.  Remove panels and test the repaired area 
4.7.8. 

4.7.16  r.ompatibilitv With Sealants 

4.7.16.1 Class C panels shall be primed and cured ^^^^l^^' ^  „ . 
sealant applied in accordance «^h 4 6.4^After curin^.      ^20 F + 2 (49 C + 1) m 

3 percent aqueous sodium chloride solution for 7 davs at 120 F + /> ^ '• 1 ^ • 

4 7 16 2  Immersion shall be in screw cap jars and the jars s 
laver of aluminum foil inside the lids. 

hall be sealed by placing a 

■  - -- 
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4.7.16.4 

A.7.16.3 After completion of the immersion period, the jars shall be removed from the heat 
source and allowed to return to standard temperature prior to removal of specimens 
The test shall be completed within 20 hours after removal of the jars from the heat 
source, and within one hour after removal of the panels from the test fluids. 

After immersion. 2 one inch wide strips shall be prepared through the cloth and 
sealant to the metal substrate lengthwise along the panel and continuing completely 
along the unimpregnated cloth.  The loose end of each one inch wide strip in turn 
shall be clamped in one jaw of a suitable recording tensile testing machine and the 
adjacent end of the panel shall be fastened in the other jaw as shown in Figure 2. 

a. Cut through the sealant under the cloth, so that an initial separation of the 
sealant from the panel is promoted. 

b. The pull of the cloth shall be at an angle of 180 degrees and a jaw separation 
rate of 2 inches per minute. 

CLOTH 

THIS  STRIP  IS TESTED TO  DETERMINE 
THE AVERACE COHESIVE OR MlNIfllM 
ADHESIVE VALUE.     CITS THROUCH  THE 
SEALANT  TO THE METAL  ARE r.:0T MADE 
UNLESS THE  SEALANT  IS PULLINO  LOOSE 
FROM THE CLOTH 

SEALANT 

THIS END CLAMPED IN THE 
UPPER JAW OF THE TEST 
MACHINE 

1/4 INCH MINIMUM 
(ROTH EDC-ES) 

CUTS ARE MADE AT APPROXIMATELY 
3/8   INCH   INCREMENTS THROUGH  THE 
SEALANT TO  THE METAL  TO  CHECK 
ADHESION  TO PANEL 

CUTTING  TOOLS 

C10TH ANCLE  OF  CUTS 

THIS  END CLAMPED IN 
LOWER JAW OF TEST 
MACHINE 

FIGURE   2.      C0MPATAB1LITY WITH  SEALANT TEST 
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A 7 16.5 On one o£ the strips on the panel, cuts in the sealant to the metal panel at the 
junction of separation shall be made at an angle of A5 degrees towards the direction 
of separation at approximately 0.375 inch increments (approximately every 24 seconds) 
as shown in the diagram.  (No cuts are required for 100 percent adhesive failure.) 
On the other strip, except for the initial cut to promote separation, cuts shall be 
made only as necessary to prevent the cloth from peeling from the sealant.  The 
percent cohesive failure calculated from the ratio of area of cohesive separation to 
total area of cohesive and adhesive separation from the metal on both sides of the 
panel shall be determined.  The cohesive strength shall be determined during cohesive 
tear failure. 

4.7.16.6 The average cohesive strength shall be determined.  (Values recorded during cutting 
shall not be included.) 

4.7.17 Finish System Compatibility - When tested as specified below, the system shall be 
considered compatible tor use with any of the following:  epoxy primers NAI-1269 and 
M1L-P-23377, topcoated with Polyurethane NAI-1278 or 1290 or any government specifica- 
tion topcoat, TT-L-32, MIL-C-22750, in any of the approved colors. 

4.7.17.1 Class A, C and E panels shall be primed and cured in accordance with 4.6.2 and 4.6. i. 
After curing, the panels shall be aged at room temperature for 16 hours + 2 after 
which they shall be cleaned by thoroughly scrubbing with cheesecloth wet with MEK 
(TT-M-261) or naphtha (TT-N-95) .  Cleaned panels shall be topcoated within 8 hours 
after cleaning. 

4.7.17.2 Apply a single coat of lacquer TT-L-32 to each class of panel at a dry film thickness 
of 0.4 to 0.5 rail. 

4.7.17.3 Apply a tack coat of gloss epoxy MIL-C-22750 to each class of panel.  Allow to air 
dry approximately 30 minutes and overcoat with a single wet coat to a dry film 
thickness of 0.8 to 1.2 mils. 

4.7.17.4 Apply a single wet coat of polyurethane NAI-1278 topcoat to each class of panel 
at a dry film thickness of 1.0 to 1.5 mils. 

4.7 17.5 Allow topcoats to cure 7 days at room temperature before testing the interface 
adhesion of the topcoat to the primer in accordance with 4.7.8b, c, and d. 

4.7.17.6  There shall be no removal of the topcoat from the primer. 

Chemical Properties - Chemical properties shall be determir 
cKIrin;', qualification and shall be controlled on a batch-to- 
with qualification results.  The following apparatus and procedures shall be used. 

4.7.18 Chemical Properties - Chemical properties shall be determined by spectrophotometer 
Jurin;', qualilication and shall be controlled on a batch-to-batch basis in accordance 

4.7.18.1 Apparatus 

a. Infrared spectrophotometer 
b. KBr, crystal 
c . Crystal holder 
d. Circulating air oven 
e. Aluminum weighing dish 
f. Glass stirring rod 
g. Acetone 

4.7.18.2  Procedure 

a. Mix equal parts primer base with acetone.  3i ir until homogeneous. 

b. Transfer homogen, ous mixture to KBr crystal with glass stirring rod. 

c. Place KBr crystal in circulating air oven for 10 minutes at 207 F (97 C) . 

d. Remove KBr crystal from oven, allow to cool to ambient temperature. 

e. Spread sample to a uniform thickness on the KBr crystal. 

f. Mount KBr crystal in holder, place holder in IR spectrophotometer, scan with 
normal slit at fast scan speed. 
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4.7.19     Relnspectlon  -  All materials  shall be  relnspected in accordance with 4.4 after one 
year  from date of manufacture,   unless  all of  the batch has been  used.     If  the material 
passes  relnspectlon  test,   the  usable  shelf  life shall be extended  6 months.     Any 
materials  failing relnspectlon  tests  or exceeding the  extended  shelf  life  shall  be 
discarded. 

4.8 Rejection 

4.8.1 Any material not conforming  to  the  requirements of  this  specification shall  be  rejected. 

4.8.2 Material  rejected in accordance with 4.8.1 may be  retested once.     For  retest,   the number 
of  specimens  shall be  twice   the number  required by  the applicable   test method  in 4.7. 
If any  retest  specimen  fails   to meet   the  requirement,   the entire batch  shall  be  rejected. 

4.8.3 No material  shall be  accepted  for  delivery  that  is older  than   5 months   from date  of 
manufacture. 

4.9 Reports   -  Unless otherwise  specified,   the manufacturer  shall   furnish with  each  shipment 
3  copies  of a report of  the  results  of  tests   for compliance  to  the  requirements  of  4  4 
of  this   specification. 

5.     PREPARATION  FOR DELIVERY 

5.1     Primer  -   Each container  shall  be  durably,   conspicuously,   and legibly marked with  the 
following; 

a.     NAI-1330 primer 

NOTE: When the manufacturer's label lists other specifications in addition to NAI 
Specifications, the NAI designation shall be of the same size and type used 
in listing the other specifications. 

Manufacturer's name and  formula number 

Batch number 

Date of manufacture 

Purchase order number 

Quantity 

Caution note  as   follows; 

CAUTION;     This  primer must be mixed  in accordance with  the applicable 
Northrop Corporation,  Aircraft Division Specification prior  to use. 

5.2     Packasing 

5.2.1     Packaging shall be  such as   to assure  safe  delivery.     Each container  shall  be  durably and 
legibly marked with the   following  information: 

a. NAI-1330,   Revision A Primer 

b. Date of manufacture 

c. Manufacturer's name 

d. Batch number 

e .     Purchase order number 

f. Quantity 

g. The unit size as specified on the purchase order 
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6.      NOTES 

J^^^J-^^ining^o^this  specification  may  be obtained  fron. Materials   Engineering 
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NORTHROP 
Northrop Corporation 

Aircraft Division 

QUALIFIED PRODUCTS LIST 

N0R-QPL-I330 
DATE      17  October  1975 

RELEASE EQ    EO8722 

CODE  IDENT.  NO   76823 

ELECTRODEPOSITED CORROSION  INHIBITING, 
FLUID RESISTANT PRIMER 

PRODUCTS QUALIFIED UNDER SPECIFICATION NAI-1330 

Manufacturer's 
Designation Manufacturer's Name and Address Qualification 

Code 
Number 

Date 

Powerclad 
Green Primer 
H74GC5 
(Initial Change 
Material) 

The Sherwin-Williams Co., 
Chicago, Illinois 3 10-10-75 

Weight Per Gallon:  9.5 to 
10.5 lbs 
Chemical Properties:  See 
Figure 1 for spectro- 
photometer curve 

Powerclad 
Green Primer 
H74GC6 
(Feed Stock) 

The Sherwin-Williams Co., 
Chicago, Illinois 3 10-10-75 

Weight Per Gallon:  10 to 
11 lbs 
Chemical Properties:  See 
Figure 2 for spectrophoto- 
meter curve 

(continued on pages  2  and  3) 
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ADHI'SION (WET) TAl'i: TEST 

1. SCOPE 
1.1 Tliis mcihod covt-rs a procodnrc suitahlc 

for cstahlisliing acceptability of intcrcoat and 
surface adhusion of an organic coating system 
innnen-fcd in water. This procedure may be 
utilized as a production test. 

2. APPARATUS 
2.1 Masking Lijie. Tl.c luahking tape uf.cd 

shall be 1-inch wide strip that when tested by 
mctliod 10, Fed. Test Method Std. Xo. 147, iliali 
require 45±3 lb. to remove (see 5.1). 

22 Roller. A J'o-pound rubber covered 
roller, having a surface Durometer hardness 
value within the range of 70 to SO, shall be used. 
The roller shall be approximately o\'j inches in 
diameter and 1% inches in width. 

3. REAGENTS 
3.1   Distilled water. 

4. PROCEDURE 
4.1   Apply the coating system to the sub- 

Btrntc nnd allow to dry as specified in the prod- 
uct specification, Imineiv.ij llie test spe« imen in 
distilled water for ^4 hours. Reimm; the le-t 
specimen from the water ami wipe dry with a 
soft cloth. Within 1 minute after removal from 
the water make two parallel scratches, one inch 
apart, through the coating to the metal with a 
stylus. Immediately apply a 1-inch wide strip 
of the masking tape with the adhesive side down 
across the scratches. Press the tape tightly 
against the surface of the coating by pacing the 
roller across the tape eight limes. Kercove the 
tape with one quick motion and examine for 
damage to the intcrcoat or surface adhesion. 

5. NOTES 
5.1   Minnesota Mining Co. Code Xo. 250 

meets this requirement. 

6. PRECISION 
6.1   No data. 

i-m TI:ST MMTiion sm. NO. HI« 

■ ■ 
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FLEXimuTY wmcmT uum.Arm) 
1. SCOPE 

1.1 This inctliod covers two proccflnrcs for 
detcnntHirig the iMsrconlagu of fflon^ition of 
single films of orguni»: couiin^ materials when 
attiichetl to flat .slcel hhect of uniform surface 
texture. 

2. APPARATUS 

2.1 Conical mandrel. The conical mandrel 
test asicmhl.v illustrated in ugure 1. 

22 Cylindrical mandrels. A scries of 
straight, smooth, cold rolled steel rods having' 
diameters of i/8, 14, %, i/2) .14, and ! ^ch and 
held fil-mly by suitable supports. 

22   Metal panels. 
2,3.1 The panels shall be cut from S.A.E. 

No. 1010, finish A strip or sheet steel having a 
Rockwell "B" hardness not exceeding 50. The 
dimensions of the individual panel shall not 
exc?ed iy2 inches in width, 71 ö inches in length 
and i^-inch in thickness. The.panels shall"bo 
thoroughly cleaned jusr before use by whichever 
of the procedures described in 4.1 of 2011.1 that 
isapplicable. The edges of the panels shall be 
slightly rounded to remove all burrs. 

3. REAGENTS 
3.1   None required. 
4. PROCEDURE 
4.1   Preparation of test specimens. 
4.1.1 Application. Prepare at least three 

test specimens by applying the coating material 
at the thickness and in the manner specified in 
the product specilication to one of the metal 
panels. To a second panel apply the coating 
having a thieknoss of not more than 0.3 mil less 
than that sponlled and to a third p;uicl apply 
a coating having a thickness of not more thai» 
0.5 mil greater than that specified. 

4.1.2 Dri/ing. Unless otherwise specified, 
dry the lest films l.v whichever of the following 
procedtiivsihat isapplicaMc. 

4.1.2.1 .1 //• tfi'i/itif} inah'fitih. Air dry at ol0 

to 3-2' C. (70° u, no" F.) for 7-J hours ami then 
bake for I hours a( PJl" ;t:'_)0 C. (2r>0o-t-|o F ) 

4.1JJJI linh'nuj ni,t/,riii!.i. After reasonable 
period at room (emperaltire for solvent release, 

FIOUKE 1. Conical mandrel test apparatus, 

bake for 1 hour at 1210±20 C. (2ä09=r4: F.) 
air dry for 24 hours at 21° to 32° C. (70: :o 00= 
F.) and tlien bake for 4 hours at pi:—"'=' C 
(250ort4oF.). 

49   Performance of test.   Condition the 
test specimens at 23^1.1° C. (7S.i = z:2: F.). 
and 50=4 percent relative humidity for 24 
hours, determine the thickness of each" te-- fdra 
(method G1S1 or 61S3), and then herd the 
panels and calculate the percenni-e of elonga- 
tion of the coating by one of the foliowin^ 
procedures. " 

42.1 Conical mandrel With the operating 
lever of the apparatus in a horizontal position. 
slip the test specimen between the mandr.fi and 
the drawbar with the test film towards the draw- 
bar. Place two sheets of Xo. 1 Km ft wranpins 
paper, substance 30, thoroughly lubricated or. 
each side with talc, between the test Him and 
the drawbar. Rigidly clamp the fe.-t p:-.r.el in 
a vertical position adjacent to the mandrel by 
placing the long edge behind the damp;:- bar 
in such a manner that the panel will be set up 
to the narrow end of the mandrel. Now move 
the lever at a uniform rate so as lo ber.d the 
test specimen approximately IS'i" in ahom 1.". 
seconds. Care must be taken at the end of the 
stroke so as not to unneeessarilv deform the 
specimen. Immediately examine ilie Unit are.i 
for cracking of the iest film us'mg T-power may- 

VV.W TUST METIIOI» SI I». NO. III., 
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nificution umlor lln; condiUrin.s of illniniriution 
prescribed us follows; Ksainino tlic lilm at the 
bend under a iMu^nilicHtum of 7 diiuiiolcrs, us- 
ing difTuseil lifriifc having ;i color ttitnperulurc 
of C,500'> lu'lvin und un intensity of aliout 100 
foot-cundlcH.   (For those, not oijnippcd with a 
standard illuminant, viewing; tlic tc.^t coaling at 
a north window illmninuted hy a fairly li^'iit 
overcast sky will approximate thoe conditions.) 
Mark and measure the extent of the first con- 
tinuous crack, starting from tlic small end of the. 
mandrel, which shall he considered the end 
point.  Return ihc druwimr to the starting po- 
sition and remove the tost specimen.   Using the 
length of the crack, determine the percent elon- 
gation of each test film from the curve shown 
in figure 2, making the necessary correction for 
the thickness of each test iilm as determined 
from the curve shown in figure 3 according to 
tlic following example. 

4.2.1.1 Example. Suppose that examination 
of the test film on the bent cold rolled steel speci- 
men I32 inch (sec 5.1) in thickness shows that 
the end of the first crack in tlic test film is at a 
distance of 5 inches from the base of the cone. 
It is merely necessary to refer to figure •_' and to 
read directly the percentage of elongation of 
the test film at the designated distance from the 
base of the cone. A correction for thickness of 
test film shall be added to the elongation as 
determined from figure ?>. If the test film thick- 
ness were 0.00-2 inch, from figure -2 the elonga- 
tion at 5 inches from the base of the cone is 5.'2 

tlONGATiON   IN PINCiNT 
i*    M    H    »    31* 

FlOlUK'2. Distance along cone and conespond- 
ingmandrel si/.e. versus peiventagc elongation 
for specimens on cold-rolled sieel ]^ inch in 
thickness. 

r 

u  03 oj  a*  c-.  o«  o-   oa  o»   10   1,1     s   u   14   it   n* 
confttcric»! TO K ADOCO TO PI^-CINT CUAOAIO* 

FICUKK 3.   Correction for thickness of film. 

percent. From figure 3 the correction to be 
added per 0.001 inch of test film is 0.305 percent 
at 5 inches from the base of the cone. Thus 
when the total test film thickness is 0.002 inch 
the actual percentage elongation at 5 inches is 
5.2±2 (0.305) or 5.8 percent. 

4.2.2 Cylindrical mandrels. Place the test 
specimens, with the coated side uppermost, on 
a mandrel of the specified diameter, at a point 
equally distant from the top and bottom edges 
of the panel, and bend the panel double in 
approximately 1 second. Examine the film at 
the bend under a magnification of 7 diameters, 
using diffused light having a color temperature 
of 0,500° K. and an intensityof about 105 foot- 
candles. (For those not equipped with a stand- 
ard illuminant, viewing the test coating at a 
north window illuminated by a fairly light 
overcast sky will approximate these conditions.1 
Use different diameter mandrels until the test 
film of cad« indicated thickness (see 4.1.1) 
shows cracking. Record the diameter of the 
mandrel where no cracking occurs in each case. 

4.2.2.1 Cidculiittonn. Calculate the percent 
elongation of each test film by the following 
formula: 

rerccnt elongation—100X 
where: t«=TlilekiiPss of panel. 

d=I>iaiiu,tcr of mmulrol. 

d-H 

4.2.2.1.1 A correction must be added to the 
calculated value to allow for the thiikness of 
the test film in each ease. The correct ion table 
for «so on cold-rolled steel is us follows: 

iT.n. TKST Mirruou sm. NO. m« 
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TADLK I.   Diameter oj mandrel (d) 

1 Inch Vt inch '/t inch y, inch '/i inch ii inch 

0.21 0.20 0.38 0.50 0.73 1.37 

422.12 This correction is per mil of test 
film. If the test film is more or less than one 
mil in thickncK«, the correction added is greater 
or lesr according to tho expression: 

Correction=fc 
where: f=l''ilm tbickness of coatins in mils. 

CdCbart corrtction for 1 mil. 

4.3   Reporting of results. 
4.3.1   Kcport the percentage elongation of 

the mntcrlnl at the spucificd film thickrifts», as 
intbr[)olated from the percentages of elorjRation 
culculiitcd for tho threu diU'crcnt test liira tliick- 
ncsses. 

5. NOTES 
5.1 Other suitahlc l>a.se materials for tlic test 

specimen may be employed. The method for 
calculating the elongation of organic contingH 
applied to base materials otiier than the steel 
specified herein is given in tho Appemlix to 
ASTM D522-41, Standard Method of Test for 
Elongation of Attached Lacquer Coating: with 
the Conical Mandrel Test Apparatus. 

6. PRECISION 
6.1   No data. 

FED. TUST METHOD STD. NO. Ilia 

139 

■   ■ .;■'•■■ 

"■■":;^, V,'. 

■     ■    '      .w.v. ..    :       ^ ■. . ^^ . i"W. ■..:J..,..*: l.-.^ -'h,- .L^li^^.A;........;.■ '■-•■I. -■■AJ-:.-^.:^J.LI...,^^A;...U>-^.L^^..^ -, 



•• ■* ■ **'■■•■*wwpi^ll ^ mi^^mmmmmmmm 

ScpU-liilxr   I.   I%j 

SALT SIMCAY (l'OG) TEST 

1. SCOPE 
1.1 This method sets forth tho conditions 

required in suit spray (foj,') tostinj,' for speci- 
fication purposes. Tiio test specimens may bo 
exposed to eilher 5 or 20 percent salt (NaCl) 
spray as specified in the product specification. 
When tho salt concentration is not stated in tho 
specification, the 20 percent solution shall be 
used. 

2. REAGENTS 
2.1 Salt solution. Either 5 or 20 percent 

sodium chloride solution, as stipulated (see 1.1) 
meeting the following requirements: 

2.1.1   Ingredients. 
21.1.1 Sodium chloride. The sodium chlo- 

ride shall be substantially free of nickel and 
copper and contain, on a dry basis, not more 
than 0.1 percent of sodium iodide and not more 
than 0.3 percent of total impurities. 

2.1.1.2 Water. Distilled water or water 
containing not more than 200 parts per million 
of total soiids. 

2.12   Concentration. 
2.1.2.1 Five-percent solution. Dissolve 

6±0.5 parts of the sodium chloride in 95±0.5 
parts by weight of the water. 

2.1.2.2 Twenty-percent solution. Dissolve 
20±2 parts of the sodium chloride in S0±2 
parts by weight of the water. 

2.1.3   Properties. 
2.1X1 Specific nravity. The specific grav- 

ity of the 5-pcrcent solmion shall be. between 
1.02CS and 1.0113 and that of the 2ö-percent 
solution between 1.120 and 1.157, when measured 
bet ween 02° and OTT. 

2.1.3.2 />// value. The pH value of each 
solution shall be «noli that when atomiml at 
95° F., tho collected solution will bo in the pTI 
range of 0.5 to 7.2 (see .'..1). The pll measure- 
ment shall bo made eKvtromotncally using a 
glass rlerlrode with a saturated potassium chlo- 
ride brulge or eolorimetrically using luom- 
thymol blue as the indicator, provided the 
results obtained by tho coloiimetric inelhod are 
equivalent to those obtained in the electroiuel lie 

method. Only dilute solutions of A.CS. rea- 
gent grade hydrochloric acid or sodium hy<irox- 
ido in distilled water shall be used in adjuring 
tho salt solution to the specified pll range, 

2.1.4 Removal of mspended solids. All 
solids shall bo removed from tho salt solution 
eilher by filtration before the solution is p! :ced 
in the reservoir or by placing a double t;.;ck- 
ness of cheesecloth over the end of the tube 
leading from the reservoir to the atomizer. 

3. APPARATUS 
Tho apparatus used in the salt spray test shall 

include the following: 
3.1 Exposure chamber. The expe^ure 

chamber shall be of suitable size, constn: rtion 
and design to satisfy the conditions of the test 
herein described. It shall be equipped ^ith 
racks or other means for properly supposing 
the test specimens. The chamber shall be L..ule 
of material which will not affect the corro.-ive- 
ness of the fog, such as glass, rubber- or planic- 
lined steel, stone, or suitably coated wood. It 
shall be properly vented and so designed :bat 
the drops of solution, which accumulate on its 
ceiling or cover will not fall on the test speci- 
mens, and no liquid that has come in contact 
with the test specimens will return to the salt 
solution reservoir. 

3.2 Salt solution reservoir. A container 
suitable for storing the salt solution with a pll 
below G.5 made of rubber- or plastic lined steel, 
stone or glass. 

3.3 Atomizing equipment. Tlu- atoinLzing 
equipment shall be of such construciion and de- 
sign that tho conditions of atomization and 
quantity of fog prescribed in 1.2.2 will be main- 
tained throughout the test. 

3.3.1 Atomizing iw::les. The nozzles shall 
bo made of glass, monel metal, hard rublvr or 
plast ic. The orifices of the nozzles shall be kept 
smooth at all times to insure delivery of a finely 
divided, wet, dense fog. 

3.3.2 Air supply. Tho compressed air 
supply to tho nozzles for atomizing the salt 
solution shall be free of oil and dirt (see .VJ) 

FED. TEST NETIIOl) ST». NO. Hlu 

140 

 -"—'■■■—"■ )mmjmmät^j^m 

■ ■. «Ait' »ä« • 

—    - -■■'-'>-*■*- amnintäiimm 



—- •«^ 

Mirmoi) 6061 
Sr|»lri>itn r   I,   t'Kt't 

TAHLR I 

Air pnssuro, p.«.l  
Temperature, "l''  

12 
114 

14 
117 

10 
119 

18 
121 

and maintained betwc«n 10 and 25 p.s.i. («cc 
5.3), To avoid any substantial change in the 
moisture content of tho salt fo? particles, the air 
must have a humidity between 95 and 03 per- 
cent after release inside the cabinet. Since the 
relative humidity of compressed moist air drops 
sharply when it expands without appreciable 
drop in temperature, such as on release from the 
nozzles, it is necessary to saturate the air at a 
temperature higher than that maintained 
within the chamber. This is accompliihed by 
passing the cleaned compressed air in finely 
divided bubbles through a saturator of corrosion 
resistant material (see 5.4) containing heated 
water of a controlled temperature. Required 
temperatures for varying values of air pressure 
are given in table I. 

3.4   Preparation of test specimens, 
3.4.1 Test panels. Unless otherwise speci- 

fied, 3- by 6-inch steel panels as prescribed in 1 
of method 2011 shall be used. The panels shall 
be cleaned and prepared by whichever proce- 
dure in section 3 of method 2011 is specified 
in the product specification. The backs and 
edges of the panels shall be coated with a suit- 
able protective material. 

3.4.2 Test film. The manner of application 
of tho material under test, the thickness of the 
film and the conditions for drying it shall he as 
specified in the product, specification. Unless 
otherwise specified, tho test, film shall be scored 
through to the metal with a sharp instrument 
in a line starting about one-quarter inch from 
the top edge, running parnllel to and about 1 
inch from the long edge, and ending about one- 
quarter inch from tho bottom edge of the panel. 

4. riiocrnuuK 
4.1 Posit ion of test specimens. Unless 

otherwise specified, arrango the flat specimens, 
«nd where practicable other >pecimcus, in such 
a manner that their dominant test surfaces will 
lw supported or suspended at 15° to IW from 

KKI). TKST MITIIOI) STI). NO, Ml« 

the vertical and parallel to the principal hori- 
zontal flow of the fog through the chamber. 
Support the test specimen, when possible, from 
cither the bottom or tho side. When suspension 
is necessary, use glass hooks or waxed string 
(see 5.5) and secondary supports at the bottom 
of tho specimens, if necessary, to hold them in 
the above specified position. Arrange the test 
specimens so that they do not com act "each other 
or any material capable of acting as a wick; so 
as to permit free settling of the fo- on all speci- 
mens; and so that corrosion products and con- 
densate will not fall from one specimen upon 
another. 

4.2   Conditions in the salt spray chamber. 
4.2.1   Temperature.    Maintain  a  tempera- 

ture of 95° plus 2° or minus 3° F. within the 
exposure zone of the salt spray chamber, during 
the entire test.    Temperature control may be 
accomplished by housing the apparatus in a 
constant temperature room, by thoroughly in- 
sulating the apparatus and preheating'the air 
to the proper temperature prior to atomization, 
or by surrounding tho chamber with a jacket 
containing water of a controlled temperature. 
Immersion heaters must not be used to main- 
tain the temperature within the exposure cham- 
ber.   Record the temperafuro of the exposure 
zone twice a day at approximately a 7-hour in- 
terval (except weekends and holidays).   The 
temperature may bo obtained with a continous 
recording device or by a thermometer which 
can bo read from outside the closed chamber. 
The recorded temperature must  be obtained 
with the salt spray chamber closed to avoid a 
false low reading because of wet bulb effect 
when the chamber is open. 

4.2.2 AtomhuHon and quantity of jog. 
Arrange or bailie the spray nozzles ^ that none 
of the spray will impingo directly on the test 
specimens. Place two clean fog collectors (see 
5.G) within the exposure zone in tho proximity 
of tho test specimens but not so near that con- 
densate will drup from tho test spovimens into 
them. Where po-sibl« one collector should be 
placed near the IK.Z/.IO and the other as far away 
as practicable. Maintain the rate of atomiza- 
tion (see 5.7) and quantity of fog within the 
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chainfKT so that for each 80 srinarc cfinUmctcra 
of collfccliii^ an.-a from 0.5 to 1.0 millilitcrs of 
solution will ho collectcil per hour, based on an 
»mage run of at k-ast 1« hours. Kcmovo and 
detcrrnino whisther the .lollcctcd solutions arc 
within the specific gravity and pH ranges prc- 
scrihod in 2.1.n.l and 2.1>..2 for the concentra- 
tion of tho salt solution being used. If such is 
not the cu^i, make the necessary adjustments 
before proceeding with the test. Make suffi- 
cient periodic collections during the exposure to 
insure proper aton.i/iation. These conditions 
may have to be modified when chambers having 
volumes of more than 12 cubic feet arc used, 
in order to meet the requirements for operating 
conditions. 

4.3 Continuity and duration of exposure. 
Keep the chamber closed and the spray operat- 
ing continuously, except for the short daily in- 
terruptions necessary to inspect the te=,t speci- 
mens, and check and replenish the salt solution, 
for the specified period of exposure or until 
definite signs of failure are observed. The 
length of the exposure shall be as specified in 
the product specification. 

4.4 Examination of specimens. At the 
end of the specified exposure period, examine 
the test specimens immediately for conform- 
ance to the requirements stipulated in tho prod- 
uct specification. To facilitate the inspection 
of the test specimens, gently wash or dip them 
in clean running water, not wanner than 100° 
F., to remove any salt deposit, and dry Immedi- 
ately by sponging with a soft cloth or blotting 
paper. When required, remove the corrosion 
products by light brushing and observe to what 
extent tho substrate has been atlected. 

5. NOTES 

5.1 Temperature alTects the pll of a salt 
solution prepared from water saturated with 
carbon dioxide at room temperature. If tho 
water is heated (o 90° F. or above to expel the 

MKTJIOI) (Ml 

carbon dioxido immediately before preparing 
tho salt solution and the solution iln'.n adjuslcd 
to a pll range of 6.5 to 7.2, its pll will not ma- 
terially change when atomized at W F. 

5.2 The air supply may be freed of oil and 
dirt by passing it through a water scrubber or 
at least 2 feet of suitable cleaning material, such 
as asbestos, sheep's wool, excelsior, slag wool, or 
activated alumina. 

5.3 Atomizing nozzles may have a "critical 
pressure" at which an abnormal increase in cor- 
ro^ivoness of the salt fog occurs. If the "criti- 
cal pressure" of a nozzle has been established, 
control of fluctuation in air pressure within 
^0.1 p.s.i. by means of a suitable pressure regu- 
lator valve, minimiües the possibiliry tha: the 
nozzle will be operated at its '-critical pressure". 

5.4 The water in the saturator should be 
changed once a week to permit the removal of 
impurities of the air. 

5.5 All parts that come in contact with the 
test specimens shall be of materials that will 
not cause electrolytic corrosion. 

5.6 Crystallizing dishes or glass funnels with 
stems inserted through stoppers into graduated 
cylinders make suitable collect in? devices. 
Dishes and funnels with a diameter of 10 centi- 
meters have an area of about SO square centi- 
meters. 

5.7 Suitable atomization has been obtained 
with noncorrosive nozzles in exposure chambers 
having volumes less than 12 cubic feet under 
the following conditions: 

(1) Nozzle  pressure of from  12  to 18 
pounds per square inch. 

(2) Orifices of from 0.02 to 0.03 inch in 
diameter. 

(3) Atomizat ion of approximately 3 quarts 
of tho  salt  solution   in  21  hours 
within a 10 cubic foot chamber. 

6. PRECISION 
6.1   No data. 
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+ 0.125   ' 
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/ 
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/ 

TRIM 

^ 

FEP  SEPARATOR FILM  (OPTIONAL) 

6.00  +  0.125 

1.00 
+  0.125 

FIVE  ONE-INCH 
WIDE  SPECIMENS 

TRIM 
INITIAL 
CRACK TIP 

Hh 0-, 125  NOM 

'ADHESIVE 

WEDGED CRACK EXTENSION  SPECIMEN  - THE  END AND 
SIDES OF THE WEDGE SHALL BE APPROXIMATELY 1 1  0  +  O 03 
FLUSH WITH  SPECIMEN END  AND  SIDES '     "      ' 

1.0 + 0.03 

DIMENSIONS  IN  INCHES 

T 
0.03 

i 

0.125 
NOM Hlh- 

0.25 ± 0.03 

STAINLESS  STEEL WEDGE 

STANDARD WEDGE  TEST PANEL AND COUPON 
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THICK ADHEREND  MACHINED TENSILE  SHEAR AND  STRESS 
RUPTURE  SPECIMEN 
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TEST  PANEL 

1.00 ± 0.010 

TEST  SPECIMEN 

DIMENSIONS   IN  INCHES 

■ 

: 

T-PEEL  TEST  SPECIMEN 
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ADHESIVE BONDING LAY-UP AND CURE CONTROL 

SPECIMEN LAY-UP PROCEDURE FOR ADHESIVE BONDING 

The primed and cured panels were assembled into pairs using one layer of 

FM-123-2, 0.085 psf film adhesive applied to one faying surface of one panel for each 

pair.   The faying surfaces of each pair were mated carefully to avoid entrapment of 

air in the bondline.   Care was taken to insure that the paired adherends were matched 

and square, i.e., the edges were aligned without overlaps.   Thermocouples were in- 

stalled into the bondline and taped to prevent pull out.   One layer of nonporous Teflon 

release film (Armalon) was placed over the assembled panels. Three layers of vacuum 

transfer cloth were applied in the same manner.   The assembled panels were placed 

into a nylon vacuum bag with a vacuum source and the vacuum bag was then sealed. 

The vacuum bag was leak checked before autoclave cure. 

ADHESIVE CURE CONTROL FOR BONDED SPECIMENS 

All adhesive cures of test specimens were accomplished in a 5 foot diameter 

autoclave equipped with Research Inc. Data Trak programmers.   The Data Trak pro- 

grammers provide automatic temperature and pressure control.   A programed stan- 

dard heat up rate of 3-50F/minute was used for all adhesive cures.   All adhesive bonds 

were maintained at the required adhesive cure temperature for 90 minutes with 40 psi 

augmented pressure, and the vacuum bag vented to atmosphere.   The cool down rate to 

150oF was 8-10 0F/minute before venting augmented pressure.   The programed Data 

Trak cure cycle was used on all contract adhesive cures to insure uniformity of the 

bonding process throughout the work effort. 

153 

„u r^W 

^.^^^^■■.■^^^^ridrt^.^^..  ■^--;.-^-^-^vv-v-^.^^-..^.^. 
■Xi^i^^.^:,^^: ^»^J:^,-..-..u.:.. r^^h^Sjj^*^ .......:;.,..,., ,l;^^,,..^,:£:.^^.-i:u:.^^^ 



,IPU,H»IIIII»-I ,i  ...in aBMSserawK^-^, n^s:.~ ———————W™W»«BWWWP»-—~—-^^^I 

APPENDIX E 

DEFINITION OF TERMS 
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